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CHAPTER  8 


NEUROLOGICAL  ASSESSMENT 


INTRODUCTION 

Background 

The  frequent  association  of  subjective  neurological  symptoms  subsequent  to  herbicide 
exposure  has  driven  a  great  deal  of  the  research  into  the  povential  neurotoxicity  of  dioxin. 
Studies  of  industrial  accidents  have  demonstrated  that  the  niixed  sensorimotor  neuropathy 
associated  with  extreme  chlorophenol  toxicity  is  reversible  and  there  is  no  scientific  evidence 
to  date  for  any  chronic  central  or  peripheral  neurological  disease  associated  with  low  level 
2,3,7,8-tetrachlorodibenzo-p-dioxin  (TCDD)  exposure.  Neurobehavioral  endpoints  in 
humans,  the  subject  of  intensive  investigation  in  this  and  other  studies  of  Vietnam  veterans, 
are  considered  separately  in  Chapter  9,  Psychological  Assessment. 

Earlier  research  (1,  2)  into  the  effects  of  perinatal  exposure  to  2,4-D  and  2,4,5-T  on 
neurobehavioral  function  in  weanling  rats  has  been  pursued  in  more  recent  studies  from  the 
same  laboratory  (3,  4).  These  and  other  studies  in  mice  (5)  and  rabbits  (6)  have  documented 
changes  in  the  concentrations  of  several  CNS  neurotransmitters  in  association  with  2,4-D- 
induced  neurobehavioral  dysfunction.  In  another  scries  of  experiments,  the  neurobehavioral 
effects  of  exposure  to  an  ester  of  2,4-D  were  found  to  be  rapidly  revtrrsible  and  the  authors 
proposed  a  cellular  rather  than  biochemical  basis  for  the  tolerance  that  developed  with 
repeated  injections  (7,  8,  9). 

To  date,  there  has  been  very  little  animal  research  into  neurotoxic  effeas  specific  to 
TCDD.  One  report  documented  that  the  intraccrcbrovcntricular  adminis-xation  of  TCDD  in 
rats  was  far  more  toxic  than  the  subcutaneous  route,  though  specific  ncui'ological  indices 
were  not  examined  (10).  Another  study  of  endpoints  associated  with  aente  lethal  doses  of 
TCDD  in  rats  concluded  that  the  neuromuscular  effects  associated  with  the  “wasting 
syndrome”  were  primarily  on  muscle  tissue  rather  than  peripheral  nerves  (11). 

The  early  literature  related  to  2,4-D-induced  neurotoxicity  in  humans  has  been 
summarized  in  the  most  recent  repon  of  the  Air  Force  Health  Study  (AFKS)  and  will  not  be 
reviewed  in  detail  here.  In  association  with  TCDD  exposure,  as  with  2,4-D,  a  host  of 
subjective  neurological  symptoms  has  been  reponed  and  grouped  generically  under  the 
diagnosis  of  “neurasthenia.”  Numerous  studies  have  been  published  describing  populations 
e.xposed  to  TCDD  by  occupation  (12-17),  environmental  contamination  (18-22),  and 
industrial  accidents  (23-29). 

A  recent  repon  on  the  1976  erplosion  in  Seveso,  Italy  (24),  described  the  results  of 
examinations  conducted  in  1982  to  1983  and  included  objective  data  derived  from  a  detailed 
neurological  examination  and  electrophysiological  testing.  One  hundred  fifty-two  subjects 
with  chloracne,  a  reliable  miarkcr  for  high-level  dioxin  exposure,  were  compared  with  controls. 
An  abnomtaJiry  was  detected  in  only  1  of  13  neurophysiological  parameters  and  none  of  the 
exposed  subjects  was  found  to  have  a  peripheral  neuropathy  by  World  Health  Organization 
criteria.  These  findings  were  confirmed  in  another  repon  as  well  (28).  Similar  results  were 
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reported  in  a  study  conducted  30  years  after  a  runaway  reaction  tha»  occurred  in  a 
trichlorophenol  plant  in  Nitro,  West  Virginia,  in  1949  (15).  By  neu  .ological  examination  and 
nerve  conduction  velocity  studies,  no  differences  were  found  in  204  exposed  subjects  (55% 
had  chloracne)  compared  with  163  controls. 

Point  source  environmental  exposure  to  TCDD  has  been  the  focus  of  numerous 
epidemiologic  studies  some  of  which  have  included  neurological  indices  in  their  protocols  (18- 
22).  In  1971,  waste  bj^iroducts  contaminated  with  TCDD  from  a  chlorophenol  manufacturing 
plant  were  mixed  with  oils  and  widely  sprayed  for  dust  control  m  residential  areas  of  eastern 
Missouri  near  St  Louis.  SoU  concentrations  in  some  areas  reached  2^00  parts  per  billion. 
Comprehensive  medical  evaluadons  of  exposed  and  unexposed  cohorts  have  included 
detailed  neuiXJlogical  examinations  and  in  one  report  (21),  quantitative  studies  of  tactile, 
vibratory,  and  thermal  sensations.  A  recent  review  article  summarizes  the  results  of  these 
Missouri  dioxin  studies  (30).  To  date  there  has  been  no  clinical  evidence  for  any  central  or 
peripheral  neurological  disease  associated  with  these  TCDD  exposures.  The  first  study  (20) 
to  report  tissue  levels  of  dioxin  in  relation  to  neurological  findings  found  no  correlation 
between  the  body  burden  of  dioxin  and  abnormalities  in  the  peripheral  indices  of  pain  a.nd 
vibratory  sensation  and  deep  tendon  reflexes. 

Several  studies  of  Vietnam  veterans  have  included  objective  neurological  data.  In  the 
Baseline  examination  of  the  AFHS  (31),  an  increased  incidence  of  abnormal  Babinsld 
reflexes  was  noted  in  Ranch  Hand  personnel  relative  to  Comparison.'',  a  finding  that  was  not 
seen  at  the  1985  examination  (32).  In  a  study  of  15  veterans  who  reponed  subjective 
symptoms  in  association  with  herbicide  exposure,  one  subject  was  found  to  have  a  bilateral 
peripheral  neuropathy  related  to  alcohol  abuse.  In  all  others,  nerve  conduction  velocity 
studies  at  five  peripheral  sites  were  normal  (33). 

One  large-scale  study  (34)  of  American  Legion  veterans  who  served  in  Vietnam  found 
an  increased  incidence  of  reported  neurobehavioral  disorders  that  suggested  an  association 
with  herbicide  exposure.  However,  the  significance  is  limited  by  self-reporting  bias,  tlic  lack 
of  confirmation  by  clinical  examination  or  medical  record  review,  and  the  use  of  unvalid^ited 
exposure  assumptions. 

In  contrast  to  the  American  Legion  study,  the  Viemara  experience  study  conducted  by 
the  U.S.  Centers  for  Dis.jase  Control  (CDC)  (35)  compared  2,490  Vietnam  veterans  with 
1,972  non-Viemam  veterans.  Included  in  the  study  protocol  were  comprehensive  neurological 
examinations,  nerve  conduction  velocity  studies,  and  neurophysiological  indices  of  vibratory, 
thermal,  and  auditory  sensation.  Aside  from  an  increased  incidence  of  combat-related  high- 
frequency  hearing  loss  in  a  panem  typical  of  a  noise  etiology,  no  neurological  abnormalities 
were  noted  in  association  with  service  in  Southeast  Asia  (SEA). 

In  summary,  animal  research  and  studies  of  humans  exposed  to  high  levels  of  dioxin 
leave  no  doubt  that  the  peripheral  nervous  system  is  a  target  organ  for  acute  TCDD  toxicity. 
Longitudinal  studies  would  seem  to  indicate  that  the  neurological  signs  and  symptoms 
attributable  to  acute  exposure  resolve  over  time  and  arc  not  associated  with  any  long-term 
sequelae. 
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More  detailed  summaries  of  the  pertinent  scientific  literature  for  the  neurological 
assessment  can  be  found  in  the  report  of  the  previous  analyses  of  the  1987  examination  data 
(36). 

Summary  of  Previous  Analyses  of  the  1987  Examination  Data 

The  neurological  health  of  the  Ranch  Hand  group  was  not  substantially  different  from  the 
Comparison  group.  Of  the  six  questionnaire  variables  relating  to  neurological  disease,  the 
only  significant  finding  was  that  R'lnch  Hands  had  a  higher  incidence  of  hereditary  and 
degenerative  neurological  disease,  such  as  benign  essential  tremor.  The  statistical  results  of 
the  group  contrasts  for  30  physical  examination  variables  relating  to  cranial  nerve  function, 
peripheral  nerve  status,  and  CNS  coordination  processes  were  generally  not  significant. 
Unadjusted  analyses  disclosed  marginally  more  balancc/Rombcrg  sign  and  coordination 
abnoirnalities  for  Ranch  Hand ;  than  for  Comparisons.  Conversely,  Ranch  Hands  had 
significantly  fewer  biceps  refl;x  abnormalities  than  Comparisons.  The  adjusted  analyses 
reve;iled  a  significant  group-by-insecticide  exposure  inti;raction  for  the  cranial  nerve  index 
(excluding  neck  range  of  motion).  Stratified  result  showed  a  relative  risk  significantly 
greater  than  1  for  participants  who  had  never  h.en  exposed  to  insecticides,  and  a  relative  risk 
marginally  less  than  1  for  participants  who  had  been  exposed  to  insecticides.  The  adjusted 
analysis  for  coordination  detected  differences  in  the  relative  risks  with  occupation  and 
insecticide  exposure.  Stratified  anaiyses  found  a  significant  group  difference  for  enlisted 
groundcrew  who  had  never  been  exposed  to  insecticides.  There  were  no  significant 
differences  for  the  oth.er  strata.  Further  investigation  found  a  significant  group  difference  for 
enlisted  groundcrew  after  excluding  the  insecticide  interaction,  and  a  signiticant  adjusted 
group  difference  overall  after  excluding  both  interactions.  Ranch  Hands  had  significantly  more 
coordination  abnormalities  than  Comparisons  for  each  analysis.  The  longitudinal  analyses  for 
the  cranial  nerve  index  and  the  CNS  index  were  not  significant. 

Parameters  of  the  Neurological  Assessment 

Dependent  Variables 

The  neurological  assessment  was  primarily  based  on  extensive  physical  examination 
data  on  cranial  nerve  function,  peripheral  nerve  status,  anti  CNS  coordination  processes.  This 
information  was  supplemented  by  verified  histories  of  neurological  diseases. 

Questionnaire  Data 

Data  on  all  major  health  conditions  since  the  date  of  the  last  health  interriew  were 
collected  during  the  1987  health  interview.  All  affirmative  histories  were  subjected  to  medical 
records  verification.  The  verified  information  was  used  to  update  the  health  status  of  each 
study  participant.  The  neurological  diseases  and  disorders  were  classified  into  eight 
International  Classification  of  Diseases,  9th  Revision,  Clinical  Modification  (ICD-9-CM) 
categories;  inflammatory  diseases  (ICD  codes  320(X)-326{X)),  hereditary  and  degenerative 
diseases  (ICD  codes  33(}00-33700),  peripheral  disorders  (ICD  codes  35000-35900), 
disorders  of  the  eye  (ICD  codes  378(X)-37956),  external  otitis  (ICD  codes  38010-38081), 
tympanic  membrane  disorder  (ICD  codes  38420-38500),  hearing  loss  (ICD  codes  38900- 
38999),  and  other  neurological  disorders  (ICD  codes  34000-34900).  There  were  389  cases  in 
the  ICD-9-CM  category  of  other  neurological  disorders  based  on  all  assayed  participants. 

The  disorders  in  this  category  included  multiple  sclerosis  (3  Ranch  Hands  and  1 
Comparison),  other  demyelinating  diseases  of  the  central  nervous  system  (2  Ranch  Hands 
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and  1  Comparison),  hemiplegia  (4  Ranch  Hands  arJ  1  Comparison),  other  paralytic 
syndromes  (9  Ranch  Hands  and  4  Comparisons),  epilepsy  (7  Ranch  Hands  and  1 
Comparison),  migraine  (20  Ranch  Hands  and  14  Comparisons),  catalepsy  or  narcolepsy  (0 
Ranch  Hands  and  1  Comparison),  unspecified  encephalopathy  (157  Ranch  Hands  and  152 
Comparisons),  other  conditions  of  the  brain  (1  Ranch  Hand  and  4  Comparisons),  and  other 
unspecified  disorders  of  the  nervous  system  (5  Ranch  Hands  and  2  Comparisons).  Some 
participants  had  conditions  in  more  ihan  one  category.  The  analyses  of  questionnaire 
information  in  the  neurological  assessment  were  bas^  on  verified  data  only.  Each  of  the 
eight  variables  was  coded  as  yes/no. 

Participants  with  positive  serological  tests  for  syphilis  and  participants  witli  a  verified 
pre-SEA  history  of  these  disorders  were  excluded  firom  all  analyses  of  these  neurological 
variables. 

Physical  Examination  Data 

During  the  physical  examination,  assessments  were  made  of  cranial  nerve  function, 
peripheral  nerve  status,  and  CNS  coordination  processes. 

The  evaluation  of  cranial  nerve  function  was  based  on  the  following  17  variables:  smell, 
visual  fields,  light  reaction,  ocular  movement,  facial  sensation,  corneal  reflex,  jaw  clench, 
smile,  palpebral  fissure,  balance,  gag  reflex,  speech,  tongue  position  relative  to  midline, 
palate  and  uvula  movement,  neck  range  of  motion,  cranial  nerve  index,  and  the  index 
excluding  neck  range  of  motion.  All  of  these  variables  were  scored  a.<!  normal/abnormal 
except  jaw  clench,  which  was  scored  as  symmetric/dsviated.  Left  and  right  determinations 
were  combined  to  produce  a  single  normal/abnonnal  result,  where  normal  indicates  that  both 
left  and  right  determinations  were  normal.  The  cranial  nerve  index  was  created  by  combining 
responses  for  the  15  cranial  nerve  parameters  into  a  single  index,  which  was  classified  as 
normal  if  all  parameters  were  nornial.  An  index  was  also  created  excluding  the  hypoglossal 
nerve  (neck  range  of  motion).  No  participants  had  an  abnormal  corneal  reflex.  No  assayed 
participants  had  an  abnormal  jaw  clench,  gag  reflex,  or  tongue  position  relative  to  midline. 
One  assayed  Comparison,  but  no  Ranch  Hands,  had  a  palate  and  uvula  movement 
abnormality. 

Peripheral  nerve  status  was  assessed  by  light  pin  prick,  light  touch  (cotton  sticks), 
visual  inspection  of  muscle  mass  (and  palpation,  if  indicated),  vibratory  sensation  as 
measured  at  the  ankle  with  a  mning  fork  of  128  Hz,  three  deep  tendon  reflexes  (patellar, 
Achilles,  and  biceps),  and  the  Babinski  reflex.  Muscle  status  was  a  constructed  variable 
using  data  on  bulk,  tone  of  upper  and  lower  extremities  and  the  strength  of  distal  wrist 
extensors,  ankle/toc  flexors,  proximal  deltoids,  and  hip  flexors.  Muscle  status  was  classified 
as  normal  if  all  of  the  components  were  normal.  The  reflexes  were  coded  as  normal  if  they 
were  sluggish,  active,  or  very  active;  reflexes  classified  as  absent,  transient  clonus,  or 
sustained  clonus  were  coded  as  abnormal  for  the  analyses. 

The  evaluation  of  CNS  coordination  processes  was  based  on  the  analysis  of  the 
following  variables:  tremor,  coordination,  Romberg  sign,  gait,  and  CNS  index.  For  these 
variables,  multiple  determinations  were  combined  to  form  a  single  result,  which  was  normal  if 
all  deierminations  were  normal.  Coordination  was  an  index  defined  as  normal  if  the  Romberg 
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sign,  finger-nosc-fmgcr  and  hccl-loicc-shin  ccxjrdination  processes,  rapidly  alternating 
movements  of  pronation/supination  of  hands,  and  rapid  patting  were  normal.  The  CNS  index 
was  based  on  tremor,  coordination,  and  gait;  this  index  v/as  coded  as  nonnal  if  all  three  of  the 
components  were  normal. 

Participants  with  positive  serological  tests  for  syphilis  were  excluded  from  all  analyses 
of  these  neurological  variables.  Participants  with  contact  lenses  in  place  were  excluded  from 
the  analysis  of  the  conieal  reflex  (n=19  based  on  all  participants).  Participants  with 
peripheral  edema  were  excluded  from  the  analyses  of  pin  prick,  light  touch,  and  ankle 
vibration. 

Covariates 

The  neurological  assessment  analyzed  the  effects  of  age,  race,  lifetime  alcohol  history, 
diabetic  class,  and  insecticide  exposure  in  the  adjusted  statistical  analyses.  Occupation  was 
included  as  a  covariate  for  the  analyses  of  other  neurological  disorders  because  of  a  strong 
association.  The  lifetime  alcohol  history  covariate  was  based  on  self-reponed  information 
from  the  questionnaire.  The  respondent’s  average  daily  alcohol  consumption  was  determined 
for  various  drinking  stages  throughout  his  lifetime,  and  an  estimate  of  the  corresponding  total 
number  of  drink-years  (1  drink-year  is  the  equivalent  of  drinking  1.5  ounces  of  80-proof 
alcoholic  beverage  per  day  for  1  year)  was  derived.  Tne  exposure  to  insecticides  covariate 
represents  lifetime  exposure  based  on  self-reponed  questionnaire  data. 

Age  and  lifetime  alcohol  history  were  treated  as  continuous  variables  for  all  adjusted 
analyses,  but  they  were  categorized  to  explore  interactions.  Appendix  Table  G-1  presents 
the  interaction  summaries.  Lnsecticidc  exposure  was  categorized  (yes/no)  for  all  analyses. 

Relation  to  Baseline,  1985,  and  1987  Studies 

With  the  exception  of  the  ICD-9-CM  category  of  other  neurological  disorders,  otitis, 
hearing  loss,  and  the  neurological  summary  indices,  the  variables  analyzed  for  this  study 
were  also  analyzed  in  the  Baseline  and  1985  studies.  Other  neurological  disorders,  the 
cranial  nerve  indices  with  and  without  neck  range  of  motion,  and  the  CNS  index  were 
variables  added  to  the  analysis  of  the  1985  examination.  Analyses  of  otitis  and  hearing  loss 
were  included  in  the  previous  report  of  the  1987  examination. 

The  neurological  longitudinal  analyses  were  based  on  the  cranial  nerve  index  and  the 
CNS  index  from  the  1985  and  1987  neurological  examinations  conducted  at  the  Scripps  Clinic 
and  Research  Foundation  (SCRF).  To  enhance  the  comparability,  the  longitudinal 
assessment  contrasted  differences  between  the  1985  and  1987  examinations. 

Statistical  Methods 

The  basic  statistical  analysis  methods  used  in  the  neurological  assessment  are 
described  in  Chapter  4,  Statistical  Methods. 

Table  8-1  summarizes  the  statistical  analyses  performed  for  the  1987  neurological 
assessment.  The  modeling  strategy  for  the  adjusted  analyses  was  modified  to  always 
include  age  in  the  model,  regardless  of  the  statistical  significance.  In  general,  no  covanates 
other  than  age  were  examined  in  the  adjusted  analyses  of  the  questionnaire  variables 
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TABLE  8-1 


Statistical  Analysis  for  the  Neurological  Assessment 
Dependent  Variables 


Data 

Data 

Candidate 

Statistical 

Variable 

Source 

Form 

Outpoints 

Covariates 

Analyses 

Inflammatory 

Q/PE-V 

D 

Yes 

•. 

U:LR,CSdT 

Diseases 

No 

Hereditary  and 

Q/PE-V 

D 

Yes 

AGE 

UiR 

Degenerative 

Diseases 

No 

A:LR 

Peripheral 

Q/PE-V 

D 

Yes 

AGE 

UiR 

Disorders 

No 

A;LR 

Disorders  of 

Q/PE-V 

D 

Yes 

AGE 

UiR 

the  Eye 

No 

A:LR 

Otitis 

Q/PE-V 

D 

Yes 

AGE 

UiR 

No 

AiR 

Tympanic 

Q/PE-V 

D 

Yes 

AGE 

Ud-R 

Membrane 

Disorders 

No 

AJ-R 

Hearing  Loss 

Q/PE-V 

D 

Yes 

AGE 

Ud-R 

No 

A:LR 

Other  Neurological 

Q/PE-V 

D 

Yes 

AGE, 

U:LR 

Disorders 

No 

OCC 

A:LR 

Smell 

PE 

D 

Abnormal 

AGE 

U:LR,CSJFT 

Normal 

A:LR 

Visual  Fields 

PE 

D 

Abnormal 

Normal 

— 

U:C3dT 

Light  Reaction 

PE 

D 

Abnormal 

AGE 

U:LR,CS,FT 

Normal 

A:LR 

Ocular  Movement 

PE 

D 

Abnormal 

AGE 

U:LR,CS,FT 

Normal 

A;LR 

Facial  Sensation 

PE 

D 

Abnormal 

AGE 

U:LR,CS,FT 

Normal 

A:LR 

Corneal  Reflex 

PE 

D 

Abnormal 

Normal 

" 

— 

TABLE  8-1.  (Continued) 


Statistical  Analysis  for  the  Neurological  Assessment 
Dependent  Variables 


Data 

Data 

Candidate 

Statistical 

Variable 

Source 

Form 

Cutpoints 

Covariates 

Analyses 

Jaw  Clench 

PE 

D 

Deviated 

Symmetric 

“ 

— 

Smile 

PE 

D 

Abnormal 

AGE 

UUi 

Normal 

A:LR 

Palpebral  Fissure 

PE 

D 

Abnormal 

AGE.RACE, 

U:LR 

Normal 

DRKYR.INS. 

DIAB 

A:LR 

Balance 

PE 

D 

Abnormal 

Normal 

- 

U:LR.CS.rT 

Gag  Reflex 

PE 

D 

Abnormal 

Normal 

.. 

— 

Speech 

PE 

D 

Abnormal 
•  Normal 

— 

U:CS.FT 

Tongue  Position 

PE 

D 

Abnormal 

•• 

.. 

Relative  to 
Midline 

Normal 

Palate  and  Uvula 

PE 

D 

Abnormal 

•• 

Movement 

Normal 

Neck  Range  of 

PE 

D 

Abnormal 

AGE.RACE, 

UO-R 

Motion 

Normal 

DRKYR,INS, 

DIAB 

A;LR 

Cranial  Nerve 

PE 

D 

Abnormal 

AGE.RACE, 

U:LR 

index 

Normal 

DRKYR.INS, 

A:LR 

DIAB 

LUl 

Cranial  Nerve 

PE 

D 

Abnormal 

AGE.RACE, 

UJ-R 

Index  Without 

Normal 

DRKYR.INS, 

A:LR 

Range  of 

Motion 

DIAB 

Pin  Prick 

PE 

D 

Abnormal 

AGE.RACE, 

U:LR 

Normal 

DRKYR,INS, 

DIAB 

A:LR 
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TABLE  8*1.  (Continued) 


Statistical  Analysis  for  the  Neurological  Assessment 
Dependent  Variables 


Variable 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate  Statistical 

Covariates  Analyses 

Light  Touch 

PE 

D 

Abnormal 

Normal 

AGE.RACE,  UJ-R 
DRKYRJNS,  A:LR 

DIAB 

Muscle  Status 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  UJ-R 
DRKYR.INS.  A;LR 

DIAB 

Vibration 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  U.LR 
DRKYR.INS.  A:LR 

DIAB 

Patellar  Reflex 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  UU^ 
DRKYR.INS,  A:LR 

DIAB 

Achilles  Reflex 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  UlR 
DRKYR,INS.  A;LR 

DIAB 

Biceps  Reflex 

PE 

D 

Abnormal 

Normal 

U:CSJT 

Babinski  Reflex 

PE 

D 

Abnormal 

Normal 

U:LR,CS,Fr 

Tremor 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  UUl 
DRKYR.INS.  A;LR 

DIAB 

Coordination 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  Ud-R 
DRKYR.INS.  A;LR 

DIAB 

Romberg  Sign 

PE 

D 

Abnormal 

Normal 

U:LR,CS.Fr 

Gait 

PE 

D 

Abnormal 

Normal 

AGE.RACE.  UiR 
DRKYR.INS,  A;LR 

DIAB 
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TABLE  8-1.  (Continued) 


Statistical  Analysis  for  the  Neurological  Assessment 
Dependent  Variables 


Data  Data  Candidate  Statistical 

_ Variable _ Source _ Form  Cutpoints _ Covariates _ Analyses 

Central  Nervous  PE  D  Abnormal  AGE.RACE,  U:LR 

System  (CNS)  Normal  DRKYR,INS,  A;LR 

Index  DIAB  LiR 


Covariates 


Variable  (Abbreviation') 

Data 

Source 

For.i 

Camoints 

Age  (AGE) 

MIL 

D/C 

Bom  >1942 

Bom  <1942 

Race  (RACE) 

MIL 

D 

Black 

Non-Black 

Occupation  (OCC) 

MIL 

D 

Officer 

Enlisted  Flyer 
Enlisted  Groundcrew 

Lifetime  Alcohol 

History  (DRKYR) 

(Drink- Years) 

Q-SR 

D/C 

^0 

>40 

Insecticide 

Exposure  (INS) 

Q-SR 

D 

Yes 

No 

Diabetic  Class 
(DIAB) 

LAB/Q/PE-V 

D 

Diabetic:  past 
history  or 
>200  mg/dl 
glucose 

Impaired:  >140- 
200  mg/dl 
glucose 

Normal:  <140 
mg/dl  glucose 
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TABLE  8-1.  (Continued) 


Statistical  Analysis  for  the  Neurological  Assessment 


Abbreviations 

Data  Source:  LAB- 1987  SCRF  laboratory  results 

MIL— Air  Force  military  records 
PE— 1987  SCRF  physical  examination 
Q-SR— NORC  questionnaire  (sclf-rcponed) 

C^E-V— 1987  Questionnaire  and  physical  examination  (verified) 

Data  Forrn:  D— Discrete  analysis  only 

D/C-Appropriate  form  of  analysis  (either  discrete  or 
continuous) 

Statistical  Analyses:  U— Unadjusted  analyses 

A--Adjusfed  analyses 
L— Longitudinal  analyses 

Statistical  Methods:  CS--Chi-square  contingency  table  test 

FT-Fisher’s  exact  test 
LR— Logistic  regression  analysis 


(occupation  was  also  included  for  the  analyses  of  other  neurological  disorders).  The  first  pan 
of  this  table  lists  the  dependent  variables  analyzed,  data  source,  data  form,  cutpoints, 
candidate  covariates,  and  statistical  analysis  methods.  The  second  pan  of  this  table  provides 
a  description  of  candidate  covariates  examined.  Abbreviations  are  used  extensively  in  the 
body  of  the  table  and  arc  defined  in  the  footnotes.  Diabetes  exhibited  a  significant  positive 
association  with  dioxin  (sec  Chapter  15,  Endocrine  Assessment).  Consequently,  clinical 
endpoints  in  the  neurological  assessment  may  be  related  to  dioxin  due  to  the  association 
between  dioxin  and  diabetes.  To  investigate  this  possibility,  the  dioxin  effect  was  evaluated 
in  the  context  of  two  models  whenever  diabetic  class  was  retained  in  the  final  model.  The 
results  of  the  analysis  adju.sting  for  diabetic  class  arc  discussed  and  tabled  in  the  body  of  the 
chapter.  Appendix  Table  G-2  shows  additional  results  for  the  final  model  excluding  diabetic 
class.  These  followup  analyses  are  only  discussed  if  a  meaningful  change  in  the  results 
occurred. 

Some  participants  had  missing  dependent  variable  or  covariatc  data.  Consequently, 
these  individuals  could  not  be  included  in  all  analyses.  Table  8-2  summarizes  the  number  of 
participants  with  nussing  data,  and  the  number  who  were  excluded  from  analyses  for  medical 
reasons. 

Appendix  G-l  contains  graphic  displays  of  the  neurological  variables  versus  initial 
dioxin  for  the  minimal  and  maximal  cohons,  and  the  neurological  variables  vcr.sus  current 
dioxin  for  Ranch  Hands  and  Comparisons.  Appendix  G-2  prc.scnts  graphics  for  dioxin-by¬ 
covariate  interactions  as  determined  by  various  statistical  models.  A  guide  to  assist  in 
interpreting  the  graphics  is  found  in  Chapter  4. 

Three  statistical  models  were  used  to  examine  the  as,sociation  between  a  neurological 
dependent  variable  and  scrum  dioxin  levels.  One  model  related  a  dependent  variable  to  each 
Ranch  Hand’s  initial  dioxin  value  (extrapolated  from  current  dioxin  values  using  a  first-order 
pharmacokinetic  model).  A  second  model  related  a  dependent  variable  to  each  Ranch  Hand’s 
current  serum  dioxin  value  and  each  Ranch  Hand’s  tim.c  since  tour.  The  phrase  “time  .since 
tour"  is  often  referred  to  as  "time’’  in  discussions  of  these  results.  Both  of  these  models 
were  implemented  under  the  minimal  and  maximal  assumptions  (i.c..  Ranch  Hands  with 
current  dioxin  above  10  ppt  and  above  5  ppt,  respectively).  The  third  model  comp.ircd  the 
neurological  dependent  variable  for  R.T.nch  Hands  having  current  dioxin  values  categonzed  as 
unknown,  low,  and  high  with  Compansons  having  background  levels.  The  contrast  of  the 
enure  Ranch  Hand  group  with  the  complete  Comparison  group  can  be  found  in  the  previous 
report  of  analyses  of  the  1987  examination  (36).  All  three  mxxJtls  were  implemented  with 
and  without  covariatc  adjustment.  Chapter  4  provides  a  more  deuilcd  discussion  of  die 
models. 
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TABLE  8-2. 


Number  of  Participants  Excluded  and  With  Missing  Data 
for  the  Neurological  Assessment 


Assumntion 

rarr.nn>ed  Current  Dioxin 

Variable 

Variable 

Use 

(Ranch  Hands  Only) 
Minima]  Maximal 

Ranch 

Hand 

Comparison 

Visual  Fields 

DEP 

0 

0 

0 

2 

Light  Reaction 

DEP 

0 

0 

0 

2 

Ocular  Movement 

DEP 

0 

0 

0 

1 

Facia]  Sensation 

DEP 

0 

0 

0 

1 

Corneal  Reflex 

DEP 

7 

8 

7 

6 

Balance 

DEF 

0 

0 

0 

I 

Speech 

DEP 

0 

0 

0 

1 

Crania]  Nerve  Index 

DEP 

8 

9 

8 

11 

Cranial  Nerve  Index  Without 
Range  of  Modon 

DEP 

8 

9 

8 

11 

Muscle  Status 

DEP 

0 

1 

1 

1 

Patellar  Reflex 

DEP 

0 

0 

0 

1 

Achilles  Reflex 

DEP 

1 

2 

2 

0 

Coordination 

DEP 

0 

1 

1 

1 

Romberg  Sign 

DEP 

0 

0 

0 

1 

Gait 

DEP 

0 

1 

1 

1 

CNS  Index 

DEP 

0 

1 

1 

1 

Lifetime  Alcohol  History 

COV 

6 

9 

9 

2 

Diabetic  Class 

COV 

2 

2 

3 

2 

Pre-SEA  Inflammatory 
Diseases 

EXC 

0 

0 

0 

5 

Pre-SEA  Hereditary  and 
Degenerative  Diseases 

EXC 

0 

1 

1 

0 

Pre-SEA  Peripheral  Disorders 

EXC 

0 

1 

2 

3 

Pre-SEA  Disorders  of  the  Eye 

EXC 

1 

2 

2 

1 

Pre-SEA  Tympanic  Membrane 
Disorder 

EXC 

5 

5 

6 

5 

Pre-SEA  Otitis 

EXC 

0 

0 

0 

1 

Pre-SEA  Hearing  Loss 

e:<c 

2 

3 

4 

8 

Pre-SEA  Other  Neurological 
Diseases 

EXC 

1 

2 

2 

3 

Syphilis 

EXC 

0 

1 

2 

2 

Pitting  or  Nonpitting  Edema 

EXC 

9 

12 

10 

14 

DEP--Dcpcndcnt  v:iriahle  (missing  clau). 
COV-Covariaic  (misnng  daia.l. 
EXC--Exclusion. 


RESULTS 


Exposure  Analysis 
Questionnaire  Variables 

Inflammatory  Diseases 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  of  inflammatory  diseases  were  not  significant 
under  both  the  minimal  (Tabic  8-3  [a]:  p=0.761)  and  maximal  (Table  [b]:  p=0.409) 
assumptions.  Under  both  assumptions,  there  were  only  two  cases  of  inflammatory  disease. 
One  was  in  the  medium  initial  dioxin  category,  the  other  was  in  the  high  categc.y.  No 
adjusted  analyses  were  done  because  of  the  sparse  number  of  abnormalities. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dioxin  and  time  since  tour  was  not  evaluated  because 
only  two  Ranch  Hands  had  a  post-SEA  history  of  inflammatory  neurological  disease.  There 
was  only  one  case  within  each  time  stratum. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  inflammatory  diseases  did  not  differ  significantly  among  current  dioxin 
categories  in  the  unadjusted  analysis  (Table  8-3  [cj:  p=0.616).  No  adjusted  analysis  was 
done  because  there  were  only  three  cases  of  inflammatory  disca.se  (one  in  each  of  the 
background,  unknown,  and  high  current  dioxin  categories,  and  none  in  the  low  category). 

Hereditary  and  Degenerative  Diseases 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  initial  dioxin  was  not  significantly 
associated  with  the  incidence  of  hereditary  and  degenerative  diseases  (Table  8-4  [a-d]: 
p>0.55  for  the  unadjusted  and  adjusted  an^yscs).  T>.c  relative  risk  was  less  than  1  in  each 
analysis. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dioxin  and  time  since  tour  was  not  significant  for  the 
minimal  and  maximal  analyses  of  hereditary  and  degenerative  diseases  (fable  8-4  [c-hj: 
p>0.45  for  the  unadjusted  and  adjusted  analyses). 

Mode!  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  hereditary  and  degenerative  diseases  did  not  differ  significantlv  among 
the  current  dioxin  categories  in  the  unadjusted  analysis  (Table  8-4  [i]:  4.of .  5.6%,  3.6%,  and 
3.29c  for  the  background,  unknown,  low,  and  high  cument  dioxin  categories,  p=ri).524).  The 
overall  contrast  was  also  not  significant  after  adjusting  for  age  (Table  8-4  [j]:  p=0.6I2). 
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TABLE  8-3, 


Analysis  of  Inflammatory  Diseases 


Ranch  Hands  >  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.18  (0.41,3.43) 

0.761 

(n=521) 

Medium 

260 

0.4 

High 

131 

0.8 

b)  Maximal 

Low 

184 

0.0 

1.46  (0.62,3.46) 

0.409 

(n=741) 

Medium 

371 

0.3 

High 

186 

0.5 

*Relnive  risk  for  t  twofold  increise  in  dioxin. 

Note;  Minimai-Low:  52-93  pn';  fyiedium;  >93-292  ppt;  High:  >292  ppt. 

Maximal-Law.  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  ppt. 


TABLE  8-3.  (Continued) 
Analysis  of  Inflamniatory  Diseases 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.) 

p-Value 

c)  Minimal 

.. 

(n=521) 

<18.6 

0.0 

0.0 

1.9 

— 

-- 

(72) 

(128) 

(54) 

>18.6 

1.7 

0.0 

0.0 

— 

-- 

(58) 

(132) 

(77) 

d)  Maximal 

(n=741) 

<18.6 

0.0 

0.0 

1.2 

— 

-- 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.6 

0.0 

— 

— 

(78) 

(179) 

(104) 

— :  Reluive  risk,  coruider.ee  intervi],  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note;  Minimal.-Low:  >10-14.65  ppt;  .Medium:  >14.65-45.75  ppt;  High;  >45.75  ppL 
fdaximal-Low:  >5-9.01  ppt;  Medium;  >9.01-33J  ppt;  High;  >333  ppt. 


8-15 


TABLE  8-3.  (Continued) 
Analysis  of  Inflammatory  Diseases 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

779 

0.1 

All  Categories 

0.616 

Unknown 

343 

0.3 

Unknown  vs.  Background 

2.27  (0.14;36.48) 

0.999 

Low 

196 

0.0 

Low  vs.  Background 

— 

0.999 

High 

187 

0.5 

High  vs.  Background 

4.18  (0.26,67.18) 

0.700 

Total 

li05 

Relative  risk,  confidence  interval,  and  p-vaiue  not  given  due  to  the  absence  of  abnonnaiities. 
Note:  Background  (Comparisons);  Current  Dioxin  ilO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  £33  J  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 
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TABLE  8-4. 


Analysis  of  Hereditary  and  Degenerative  Diseases 


Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Unadjusted 


Initial 

Percent 

Est.  Relative 

Assumption 

Dioxin 

n 

Yes 

Risk  (95%  C.I.)a  p-Value 

a)  Minimal 

Low 

130 

6.9 

0.90  (0.62,1.31)  0.565 

(n=521) 

Medium 

260 

3.1 

High 

131 

3.8 

b)  Maximal 

Low 

183 

4.4 

0.94  (0.72,1.24)  0.684 

(n=740) 

Medium 

371 

4.3 

High 

186 

3.2 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj. 

Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)« 

p-Value  Remarks 

c)  Minimal 

0.91  (0.6?,i.33) 

0.614  AGE  (p=0.826) 

(n=521) 

d)  Maximal 

0.96  (0.73,1.27) 

0.781  AGE  (p=0.517) 

(n=740) 

*Relauve  risk  for  a  rwofold  incrsase  m  diojrin. 

Noie:  Minimal-Low:  52-93  ppt;  Medium;  >93-292  ppt;  High;  >292  ppL 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  jjpt. 
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TABLE  8-4.  (Continued) 

Analysis  of  Hereditary  and  Degenerative  Diseases 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time 

Est.  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.482b 

(n=521) 

<18.6 

6.9  3.9 

3.7 

0.81  (0.45,1.48) 

0.495c 

(72)  (128) 

(54) 

>18.6 

6.9  1.5 

5.2 

1.07  (0.66,1.73) 

0.790C 

(58)  (132) 

(77) 

f)  Maximal 

0.936b 

(n=740) 

<18.6 

2.9  5.8 

2.4 

0.98  (0.65,1.47) 

0.907c 

(105)  (191) 

(83) 

>18.6 

5.1  3.4 

3.9 

1.00  (0.69,1.45) 

0.99 1C 

(78)  (179) 

(104) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p- Value  Remarks 

g)  Minimal 

0.492^  age  (p= 

=0.727) 

(n=521) 

<18.6 

0.83  (0.45,1.54) 

0.56 1C 

>18.6 

1.09  (0.66,1.78) 

0.736C 

h)  Maximal 

0.943b  age  (p=0.442) 

(n=740) 

<18.6 

1.01  (0.66,1.54) 

0.972C 

>18.6 

1.03  (0.70,1.51) 

0.887C 

*RelaUve  risk  for  a  rwofold  mcrease  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized), 
^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal— Low:  >10-14.65  ppt;  Medium:  >14,65-45.75  ppt;  High:  >45.75  ppL 

Maximal-Low:  >5-9.01  ppq  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  8-4.  (Continued) 


Analysis  of  Hereditary  and  Degenerative  Diseases 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

li 

Percent 

Yes 

Contrast 

Est  Relative 
Risk  (95%  C.I.) 

p-Value 

Background 

784 

4.0 

All  Categories 

0.524 

Unknown 

342 

5.6 

Unknown  vs.  Background 

1.43  (0.80,2.57) 

0.232 

Low 

196 

3.6 

Low  vs.  Background 

0.90  (0.39,2.07) 

0.804 

High 

187 

3.2 

High  vs.  Background 

0.81  (0.33,1.96) 

0.633 

Total 

1,509 

j) 

Ranch  Hands  and  Comparisons  1 

3y  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

784 

All  Categories 

0.612 

AGE  (p=0.169) 

Unknown 

342 

Unknown  vs.  Background 

1.41  (0.78,2.53) 

0.254 

Low 

196 

Low  vs.  Background 

0.90  (0.39,2.09) 

0.813 

High 

187 

High  vs.  Background 

0.88  (0.36,2.16) 

0.777 

Total 

1,509 

Background  (Comparisons);  Current  Dioxin  ^10  ppL 
Unknown  (Ranch  Hands):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <333  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >333  ppt. 


Note: 


Peripheral  Disorders 


Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

In  both  the  unadjusted  and  adjusted  initial  dioxin  analyses,  the  relative  risk  of  peripheral 
disorders  was  not  significant  under  both  the  minimal  and  maximal  assumptions  (Table  8-5 
[a-d]:  p>0.55  for  all  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-time  since  tour  interaction  was  not  significant  for  either  the 
minimal  or  maximal  analyses  of  peripheral  disorders  (Table  8-5  [e-h];  p>0.15  in  each 
unadjusted  and  adjusted  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  current  dioxin  analysis  of  peripheral  disorders  was  not 
significant,  but  the  highest  incidence  of  peripheral  disorders  was  in  the  high  current  dioxin 
category  (Table  8-5  [ij:  14.7*70,  12.290,  12.8%,  and  16.0*%  for  the  background,  unknown,  low. 
and  high  current  dioxin  categories,  p>0.25  for  each  contrast).  The  overall  contrast,  as  well  as 
the  three  Ranch  Hand  versus  background  contrasts,  remained  nonsignificant  after  adjustment 
for  age  (Table  8-5  [j];  p>0.20  for  each  contrast). 

Disorders  of  the  Eye 

Model  1:  Ranch  Hands  •  Logg  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  initial  dioxin  analyses  did  not 
show  a  significant  association  with  the  incidence  of  eye  disorders  (Table  8-6  [a-d]:  p>0.35  ' 
for  the  unadjusted  and  adjusted  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin  and  time  since  tour  analyses  of  eye  disorders  did  not  find  a  significant 
interaction  between  current  dioxin  and  time  under  both  the  minimal  and  maximal  assumptions  ■ 
(Table  8-6  [e-h]:  p>0.80  in  each  unadjusted  and  adjusted  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  eye  disorders  did  not  differ  significantly  among  the  four  current  dioxin 
categories  in  the  unadjusted  analysis  (Table  8-6  [i]:  15.8*70,  16.7*70,  16.9%,  and  17.6%  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories,  p=0.930).  The  overall  contrast 
remained  nonsignificant  (Table  8-6  [j]:  p=0.80I)  after  adjustment  for  age. 

Tympanic  Membrane  Disorders 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  initial  dioxin  was  not  significantly 
associated  with  the  incidence  of  tympanic  membrane  disorders  (Table  8-7  [a-d]:  p>0.60  for 
the  unadjusted  and  adjusted  analyses). 
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TABLE  8-5. 


Analysis  of  Peripheral  Disorders 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  {95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

14.6 

1.01  (0.83,1.24) 

0.900 

(n=521) 

Medium 

260 

14.2 

High 

131 

13.7 

b)  Maximal 

Low 

183 

14.8 

1.00  (0.86,1.16) 

0.999 

(n=740) 

Medium 

371 

13.7 

High 

186 

15.6 

Ranch  Hands 

•  Log2 

(Initial  Dioxin) 

•  Adjusted 

I 

Adj.  Relative  Covariaie 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minima]  1.04  (0.85,1.28)  0.703  AGE  (p=0.294) 

(n=521) 


d)  Maximal 
(n=740) 


1.05  (0.90,1.22) 


0.564 


AGE  (p=0.003) 


TABLE  8-5.  (Continued) 
Analysis  of  Peripheral  Disorders 


Ranch  Hands  -  L022  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time 

Est.  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.I.)« 

p-Valuc 

c)  Minimal 

0.184b 

(n=52I) 

218.6 

12J  16.4 

7.4 

0.82  (0.57,1.19) 

0.302= 

(72)  (128) 

(54) 

>18.6 

13.8  12.1 

20.8 

l.Il  (0.86,1.44) 

0.418= 

(58)  (132) 

(77) 

f)  Maximal 

0.255b 

(n=740) 

£18.6 

15.1  13.6 

13.3 

0.89  (0.70,1.14) 

0.371= 

(106)  (191) 

(83) 

>18.6 

13.0  14.0 

18.3 

1.07  (0.88,1.31) 

0.488= 

(77)  (179) 

(104) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Tiine 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.199b  AGE  (p: 

=0.^63) 

(n=521) 

<18.6 

0.86  (0.59,1.25) 

0.421C 

>18.6 

1.14  (0.88,1.49) 

0.315= 

h)  Maximal 

0.263b  AGE  (p=0.003) 

(n=740) 

£18.6 

0.96  (0.74,1.23) 

0.732= 

>18.6 

1.15  (0.94,1.41) 

0.186= 

•Relitive  risk  for  i  twofold  mcreise  in  diosm. 

^est  of  significance  for  homogeneity  of  reUiive  risks  (current  dioxin  continuous,  time  categorized). 
'Test  of  significance  for  relative  risk  er,uaj  to  1  (current  dioxin  continuous,  time  categorized). 

Note;  .Minimal-Low:  >10-14.65  ppt;  .Medium;  >14.65^5.75  ppu  High:  >45.75  ppt. 
.Maximal-Low:  >5-9.01  ppt;  .Mtdiurn;  >9.01-33.3  ppt;  High;  >3333  ppt. 
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TABLE  8-5.  (Continued) 
Analysis  of  Peripheral  Disorders 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Est  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

781 

14.7 

All  Categories 

0.564 

Unknown 

341 

12.3 

Unknown  vs.  Background 

0.81  (0.56,1.19) 

0.285 

Low 

196 

12.8 

Low  vs.  Background 

0.85  (0.53,1.35) 

0.'^82 

High 

1S7 

16.0 

High  vs.  Background 

1.11  (0.71,1.71) 

0.650 

Total 

1J05 

j) 

Ranch 

Hands  and 

Comparisons  by  Current  Dioxi*'.  Category 

•  Adjusted 

Currenl 

Dioxin 

Adj.  Relative 

Cov,viate 

Category 

n 

Contrast 

Risk  (95%  C.I.)  B*Value 

Remarks 

Background 

781 

All  Categories 

0.236 

AGE  (p<0.001) 

Unknown 

341 

Unknown  vs.  Background 

0.79  (0.54,1.16)  0.226 

Low 

196 

Low  vs.  Background 

0.85  (0.53 

,1.36)  0.506 

High 

187 

High  vs.  Background 

1.33  (0.85 

,2.08)  0.215 

Total 

1.505 

Note;  Bickgroimd  (Comparisoni):  Currenl  Dioxin  i!0  ppl. 
Unlcnown  (Ranch  Hands):  Cunent  Koxin  £l0  ppt. 

Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  <33,3  ppL 
High  (Ranch  Hands):  Current  Dioxin  >33,3  ppt. 


TABLE  8-6. 


Analysis  of  Disorders  of  the  Eye 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Unadjusted 


Initial 

Percent 

Est,  Relative 

Assumption 

Dioxin  n 

Yes 

Risk  (95%  C.I.)«  p- Value 

a)  Minimal 

J-ow  130 

18.5 

1.05  (0.87,1.26)  0.602 

{n»520) 

Medium  259 

17.4 

High  131 

18.3 

b)  Maximal 

Low  183 

15.3 

1.05  (0.92,1.21)  0.475 

(n=739) 

Medium  370 

17.6 

High  186 

18.3 

Ranch  Hands  -  Log2 

(Initial  Dioxin)  •  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)* 

p- Value  Remarks 

c)  Minimal 

1.07  (0.89.1.29) 

0.486  AGE  (p-0.419) 

(n»520) 

d)  Maximal 

1.07  (0.93,1.23) 

0.365  AGE  (p=0.306) 

(n=739) 

*Rei*iiv«  nsk  for  i  iwofold  mcrene  in  diorin. 

Note  Minimil--L-ow:  52-93  opt;  Mtdnim:  >93-292  pp<.  High;  >292  pp'.. 

MiA;mal--U>w:  25-56  9  ppt;  Median;  >56.9-21?  ppt;  High;  >218  ppl. 
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TABLE  8-6.  (Continued) 
Analysis  of  Disorders  of  the  Eye 


Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Yes/(n) 

Cvtmni  Dio?>in..., 


Assumption 

Tunc 

(Yrs.) 

Low 

Medium 

High 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Value 

c) 

Minimal 

(n=520) 

£18.6 

20.8 

16.4 

22,2 

1.05  (0.79,1.41) 

0.720C 

(72) 

(128) 

(54) 

>18.6 

15.5 

18.3 

15.6 

1.08  (0.84,1.38) 

0,563= 

(58) 

(131) 

(77) 

f) 

Maximal 

0.832b 

(n«739) 

£18.6 

16.0 

18.9 

20.5 

1.06  (0.87,1.31) 

0.557= 

(106) 

(191) 

(83) 

>18.6 

13.0 

17.4 

15.4 

1.10  (0.90,1.33) 

0.346= 

(77) 

(178) 

(104) 

Ranch  Hands  •  Log2  (Cu.^’cnt  Dioxin)  and  Time  •  Adju-stcd 

Tunc 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (95^0  C.I,)a 

p-Value  Remarks 

g) 

Minimal 

0.9566  age  (p=0.301) 

(n=520) 

<18.6 

1.10  v0.81,l.-i8) 

0.546C 

>18.6 

1.11  (0.86,1.43) 

0.423C 

h) 

Maximal 

0.844b  age  (p=0.165) 

(n-m739) 

£18.6 

l.IO  ro,89.I.36) 

0.39IC 

>18.6 

1.13  (0.93,1.37) 

0.225C 

*Rc!i!ive  risk  for  »  twofold  j-,cTfx.\e  in  dioiin. 

^esi  of  signincince  for  homon'ottity  of  rrlative  nski  (currrni  dioxin  comir.uom,  time  c«tei;or.red). 
‘■Test  of  SKdiificance  for  rrlauve  n«k  ecjual  lo  1  (cuntmt  dioxin  conunoout.  time  catefontrd). 

Note:  >10-14  65  ppt;  Mi-dr.im:  >14.63-45.75  ppt;  Hi^th;  >43.75  ppl. 

M 1  xi.na l--Low:  >5-9  01  p-;t:  Medium;  >9.{il-?3.3  ppt;  Hijh;  >33.3  ppt. 
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TABLE  &-6.  (Continued) 
Analysis  of  Disorders  of  the  Eye 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin  Percent  EsL  Relative 

Category _ n _ Yes _ Contrast _ Risk  (95%  C.I.) _ p-Vaiue 


Background 

783 

15.8  All  Categories 

0.930 

Unknown 

342 

16.7  Unknown  vs.  Background  1.06  (0.75,1.50) 

0.727 

Low 

195 

16.9  Low  vs.  Background  1.08(0.71.1.65) 

0.712 

High 

187 

17.6  High  vs.  Background  1.14  (0.75,1.74) 

0.546 

Total 

U07 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.) 

p-N'alue 

Remarks 

Background 

783 

All  Categories 

0.801 

AGE  (p*0,011) 

Unknown 

342 

Unkro'wn  vs.  Background 

1.05  (0.74.1.4,8) 

0.798 

Low 

195 

lx)w  vs.  Background 

1.09  (0.71.1.66) 

0.699 

High 

187 

High  vs.  Background 

1.24  (0,81.1.91) 

0.321 

Total 

U07 

Note;  lJ«ckgroiind  (Compiriioni):  Currmt  Dioxin  ilO  ppt. 
Unknown  (Rinch  Hsndj):  Current  Dioxm  ^10  ppt. 

Low  fR*nch  Hindi):  13  ppi  <  Cuneni  Dioxin  ^33.3  ppt. 
High  (Rinch  Hindi);  Cuneni  Dioxin  >33.3  ppc 
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TABLE  8-7, 


Analysis  of  Tympanic  Membrane  Disorder 


Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Valui 

a)  Minimal 

Low 

129 

5.4 

0.94  (0.68,1.29) 

0.684 

(n=516) 

Medium 

257 

5.8 

High 

130 

6.2 

b)  Maximal 

Low 

184 

3.8 

1.01  (0.80,1.27) 

0.959 

(n=736) 

Medium 

368 

6.3 

High 

184 

5.4 

Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 

0.99  (0.72,1.37) 

0.950 

AGE  (p=0.153) 

(n=516) 

d)  Maximal 

1.06  (0.84,1.35) 

0.618 

AGE  (p=O.G23) 

(n=736) 

^Relative  risk  for  t  twofold  increue  in  dioxin. 

Note:  Minimal-Low:  12-93  ppl;  Medium:  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56  9  ppt;  , Medium:  >56.9-218  ppt;  High;  >218  ppt. 
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TABLE  8-7.  (Continued) 

Analysis  of  Tympanic  Membrane  Disorder 


Ranch  Hands  -  Log2  (Cun  ent  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

'lime 

Est.  Relative 

Assumption 

(Yrs.) 

L  iv  Medium 

High 

Risk  (95%  C.L)a 

p-Value 

c)  Minimal 

0.435b 

(n=516) 

^18.6 

2  8  4.0 

3.7 

1.07  (0.58,1.97) 

0.821C 

(72)  (125) 

(54) 

>18.6 

8.6  8.4 

6.6 

0.80  (0.54,1.19) 

0.270C 

(58)  (131) 

(76) 

f)  Maximal 

0.844  b 

(n=736) 

£18.6 

3.8  3.7 

3.7 

0.98  (0.63,1.51) 

0.922C 

(106)  (189) 

(82) 

>18.6 

6.4  8.4 

5.8 

0.93  (0.69,1.24) 

0.616C 

(78)  (178) 

(103) 

Ranch  Hands  -  Log2  (Current  DioTun)  and  Time  -  Adjusted 

Tunc 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p- Value  Remarks 

g)  Minimal 

0.419b  AGE  (p=0.347) 

(n=516) 

<18.6 

1.14  (0.6U.11) 

0.681C 

>18.6 

0.84  (0.56,1.26) 

0.406C 

h)  Maximal 

0.817b  age  (p= 

=0.066) 

(n=736) 

<18.6 

1.05  (0.67,1.65) 

0.830C 

>18.6 

0.99  (0.73,1.33) 

0.929C 

•Relative  r>k  for  a  twofold  mcrease  in  dioain. 

*Tejt  of  jignificance  for  homogeneity  of  relative  riska  (current  dioxin  continuoua,  time  eaiegoriied). 
“■Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note;  Minimal— Low;  >10-14.65  ppt:  Medium;  >14.65-15.75  ppq  High;  >45.75  ppu 

.Maximal-Low;  >5-9.01  ppt;  Medium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  8-7.  (Continued) 

Analysis  of  TyTnpanic  Membrane  Disorder 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Current 

Dioxin 

Percent 

Est  Relative 

Category 

n 

Yes 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Background 

779 

4.1 

All  Categories 

0.375 

Unknown 

342 

3.5 

Unknown  vs.  Background  0.85  (0-43.1.67) 

0.635 

Low 

193 

6.7 

Low  vs.  Background  1.69  (0.87.3.28) 

0.124 

High 

185 

4.9 

High  vs.  Background  1.19  (0.56.2.55) 

0.647 

Total 

1.499 

j) 

Ranch  Hands  and 

Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.)  p-Value 

Remarks 

Background 

779 

All  Categories 

0.315 

AGE  (p=0.087) 

Unknown 

342 

Unknown  vs.  Background 

0.83  (0.42.1.64)  0.600 

Low 

193 

Low  vs.  Background 

1.70  (0,873.31)  0.116 

High 

185 

High  vs.  Background 

1.33  (0.623.87)  0.470 

Total 

1.499 

Note:  Background  (Comparisons):  Current  Dioain  5IO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioain  £l0  ppt 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^33.3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 
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Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  and  adjusted  current  dioxin  and  time  since  tour  analyses  of  tympanic 
membrane  disorders  did  not  find  a  significant  current  dioxin-by-time  interaction  under  either 
the  minimal  or  maximal  assumption  (Table  8-7  [e-hj:  p>0.40  in  each  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  overall  contrast  was  not  significant  in  both  the  unadjusted  and  adjusted  categorized 
current  dioxin  analysis  of  tympanic  membrane  disorders  (Table  8-7  [ij  and  01:  p=0.375  and 
p=0.315,  respectively).  The  highest  incidence  was  in  the  low  current  dioxin  category  (4.1%, 
3.5%,  6.7%,  and  4.9%  for  the  background,  unknown,  low,  and  high  current  dioxin  categories). 

Otitis 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  initial  dioxin  analyses  did  not  find 
a  significant  risk  of  otitis  (Table  8-8  [a-d]:  p>0.20  for  the  unadjusted  and  adjusted 
analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  unadjusted  current  dioxin  and  time  since  tour 
analysis  of  otitis  did  not  show  a  significant  current  dioxin-by-time  interaction  (Table  8-8  [e]: 
p=0.791),  but  a  significant  interaction  was  found  under  the  maximal  assumption  (Table  8-8 
[f]:  p=0.032).  In  the  maximal  cohort,  the  estimated  relative  risk  of  otitis  was  significantly 
less  than  1  for  Ranch  Hands  with  a  later  tour  (time<18.6:  Est.  RR=0.62,  p=0.012).  In  this 
stratum,  the  incidence  of  otitis  decreased  with  current  levels  of  dioxin  (14.2%,  7.3%,  and  3.6% 
for  the  low,  medium,  and  high  current  dioxin  categories).  The  estimated  relative  risk  was 
less  than  1,  but  not  significant,  for  Ranch  Hands  in  the  maximal  cohort  with  an  early  tour 
(time>18.6;  Est.  RR=0.97,  p=0.760). 

Similar  results  were  noted  after  adjusting  for  age.  The  current  dioxin-by-tirae 
interaction  was  not  significant  under  the  minimal  assumption  (Table  8-8  [gj:  p=0.352),  and  it 
remained  significant  under  the  maximal  assumption  (Table  8-8  [h]:  p=0.031).  The  adjusted 
relative  risk  was  significantly  less  than  1  for  Ranch  Hands  with  a  later  tour  (time<18.6:  Adj. 
RR=0.64.  p=0.020). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  otitis  did  not  differ  significantly  among  the  current  dioxin  categories  in 
the  unadjusted  analysis  (Table  8-8  [i]:  12.4%,  14.0%,  12.S7o,  and  8.6%  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories,  p=0.308).  The  overall  contrast  remained 
nonsignificant  after  adjusting  for  age  (Table  8-8  [j]:  p=0.633). 

Hearing  Loss 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Neither  the  unadjusted  minimal  nor  maximal  analyses  of  hearing  loss  showed  a 
significant  association  with  initial  dioxin  (Table  8-9  [a]  and  [b];  p=0,504  for  the  minimal 
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TABLE  8-8. 


Analysis  of  Otitis 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

8.5 

1.04  (0.82,1.31) 

0.761 

(n=521) 

Medium 

260 

10.4 

High 

131 

10.7 

b)  Maximal 

Low 

184 

15.2 

0.90  (0.76,1.08) 

0.246 

(n=741) 

Medium 

371 

10.8 

High 

186 

8.6 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariatc 

Remarks 

c)  Minimal 

1.13  (0.89,1.43) 

0.331 

AGE  (p=0.004) 

(n=521) 

d)  Maximal 

0.93  (0.78,1.12; 

0.451 

AGE  (p=0.038) 

(n=741) 

^Relative  risk  for  a  twofold  ir.crease  in  dioxin. 

Note:  Minimal-- Lotv:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56.9  ppt:  Medium:  >56.9-218  ppt;  High:  >218  ppL 


TABLE  8-8.  (Continued) 
Analysis  of  Otitis 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Ycs/(n) 

Current  Dioxin 

Time 

Est.  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.IP  p-Value 

c)  Minimal 

0.79lb 

{n=521) 

£18.6 

2.8  7.0 

3.7 

0.86  (0.49,1.51)  0.601C 

(72)  (128) 

(54) 

>18.6 

13.8  15.9 

13.0 

0.94  (0.71,1.23)  0.642C 

(58)  (132) 

(77) 

f)  Maxin'.a] 

0.032b 

(n=741) 

£18.6 

14.2  7.3 

3.6 

0.62  (0.42,0.90)  0.012= 

(106)  (191) 

(83) 

>18.6 

14.1  15.6 

12.5 

0.97  (0.79,1.19)  0.760= 

(78)  (179) 

(104) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

AdJ.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.852b  age  (p=0.032) 

(n=521) 

£18.6 

0.96  (0.54,1.69) 

0.886= 

>18.6 

1.02  (0.76.1.35) 

0.905= 

h)  Maximal 

0.03 lb  age  (p=0.140) 

(n=741) 

£18.6 

0.64  (0.43,0.93) 

0.020= 

>18.6 

1.00  (0.81,1.24) 

0.973= 

‘Relative  risk  for  a  twofold  increase  in  dioxin. 

*^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 
'"Test  of  significance  for  relative  risk  etjual  to  1  (cunent  dioxin  continuous,  time  categorized). 

Note:  .Minimal-Low:  >10-14.65  ppt;  Medium:  >14.65-45.75  ppt;  High:  >45,75  ppL 

Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33-3  ppt. 
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TABLE  8-8.  (Continued) 
Analysis  or  Otitis 


\ 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin  Percent  Est  Relative 


Categor 


Contrast 


Risk  (95%  C.I.) 


p-Value 


Background  783  12.4  All  Categories  0.308 

Unknown  343  14.0  Unknown  vs.  Background  1.15  (0.79,1.67)  0.459 

Low  196  12.8  Low  vs.  Background  1.03  (0.65,1.66)  0.889 

High  187  8.6  High  vs.  Background  0.66  (0.38,1.15)  0.145 

Total  1.509 


j)  Ranch  Hands  and  Cotrparisons  by  Current  Dioxin  Category  -  .Adjusted 


Current 

Dioxin 

Category 


Contrast 


Adj.  Relative 
Risk  (95%  C.I.) 


Covariate 

Remarks 


Background  783  All  Categories  0.633  AGE  (p<0.001) 

Unknown  343  Unknown  vs.  Background  1.13  (0.78,1.64)  0.532 

Low  196  Low  vs.  Background  1.04  (0.65,1.67)  0.863 

High  187  High  vs.  Background  0.76  (0.43,1.34)  0.343 

Total  1,509 


Note;  Background  (Comparisons);  Current  Dioxin  ilO  ppt. 
Unknown  (Ranch  Hands);  Current  Dioxin  <10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33.3  ppt. 
High  (Ranch  Hands);  Cunent  Dioxin  >33J  ppL 
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TABLE  8-9. 


Analysis  of  Hearing  Loss 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

73.9 

0.95  (0.81,1.11) 

0.504 

(n=519) 

Medium 

259 

71.4 

High 

130 

70.0 

b)  Maximal 

Low 

183 

73.8 

0.94  (0.84,1.06) 

0.344 

(n=738) 

Medium 

370 

74.6 

High 

185 

68.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 
(n=519) 

1.16  (0.97,1.39) 

0.100 

AGE  (p<0.001) 

d)  Maximal 
(n=738) 

1.08  (0.95,1.22) 

0.257 

AGE  (p<0.001) 

^Relative  risk  for  a  rwofold  increase  in  dioxin. 

Note;  Minimal— Low:  52-93  ppt;  Medium;  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High;  >218  ppt. 
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TABLE  8-9.  (Continued) 
Analysis  of  Hearing  Loss 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Assuraption 

(Yrs.) 

Low 

Me-diiim 

High 

.  Risk  (95%  C.I.)a 

p-Valuc 

c)  Minimal 

0.555b 

(n=519) 

<18.6 

70.8 

(72) 

70.3 

(128) 

64.2 

(53) 

0.84  (0.66,1.08) 

0.1 82C 

0  Maximal 

>18.6 

79.3 

(58) 

72.5 

(131) 

72.7 

(77) 

0.93  (0.75,1.15) 

0.517c 

0.674t> 

(n=738) 

<18.6 

68.9 

(106) 

72.6 

(190) 

62.2 

(82) 

0.91  (0.77,1.09) 

0.319c 

>18.6 

84.6 

(78; 

76.4 

(178) 

1Q2 

(104) 

0.87  (0.74,1.02) 

0.095c 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariatc 

Remarks 

g)  Minimal 
(n=519) 

<18.6 

>18.6 

1.14  (0.87,1.51) 

1.21  (0.95,1.55) 

0.748b 

0.347c 

0.125c 

AGE  (p<0.001) 

h)  Maximal 
(n=738) 

<18.6 

>18.6 

1.09  (0.91,1.32) 

1.04  (0.87,1.24) 

0.690b 

0.345c 

0.674C 

AGE  (p<0.001) 

*Relative  risk  for  a 

twofold  increase 

in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  rislcs  (current  dioxin  continuous,  time  categorized). 
*^Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14.65  ppt:  Medium:  >14.65-15.75  ppt;  High:  >45.75  ppt. 

.Maximal-Low:  >5-9.01  ppt;  Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  8-9.  (Continued) 
Analysis  of  Hearing  Loss 


i)  Ranch  Hands  and  Con’parisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

Catci?ory 

n 

Percent 

Yes 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

776 

76.0 

All  Categories 

0.082 

Unknown 

341 

75.1 

Unknown  vs.  Background 

0.95  (0.71,1.28) 

0.731 

Low 

195 

74.9 

Low  vs.  Background 

0.94  (0.65,1.35) 

0.736 

High 

186 

66.7 

High  vs.  Background 

0.63  (0.45.0.89) 

0.009 

Total 

1,498 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

776 

All  Categories 

0.660 

AGE  (p<0.001) 

Unknown 

341 

Unknown  vs.  Background 

0.82  (0.60.1.12) 

0.211 

Low 

195 

Low  vs.  Background 

0.95  (0,64.1.40) 

0.787 

High 

186 

High  vs.  Background 

0.91  (0.63,1.51) 

0.600 

Total 

1,498 

Note:  Bickground  (Comparisons):  Csnent  Dioain  5IO  ppt 

Unknown  (Ranch  Hands);  Cuirent  Dioaui  ^10  PP'- 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioain  i33J  ppt. 
High  (Ranch  Hands):  Cu  •er'*  L.oain  >33-3  ppt. 
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andysis  and  p=0.344  for  the  maximal  analysis).  After  adjustment  for  age,  the  relative  risk 
under  the  minimal  assumption  became  marginally  more  than  1  (Table  8-9  [cj:  Adj.  RR=1.16, 
p=0.100),  although  the  unadjusted  incidence  of  hearing  loss  decreased  with  levels  of  initial 
dioxin  (73.9%,  71.4%,  and  70.0%  for  the  low,  medium,  and  high  initial  dioxin  categories  in  the 
minimal  cohon).  Ranch  Hands  in  the  high  initial  dioxin  category  were  on  the  average  4.8 
years  younger  than  those  in  the  low  category.  The  adjusted  maximal  analysis  did  not  find  a 
significant  inaeased  risk  of  hearing  loss  (Table  8-9  [d]:  p=0257). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  maximal  assumptions,  the  interaction  between  current 
dioxin  and  time  since  tour  was  not  sign:  .-cant  for  the  analyses  of  hearing  loss  (Table  8-9 
[e-hj:  p>0.55  in  each  of  the  unadjustet  and  adjusted  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  hearing  differed  marginally  among  the  current  dioxin  categories  in 
the  unadjusted  analysis  (Table  8-9  [i]:  76.0%,  75.1%,  74.9%.  and  66.7%  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories,  p=0.082).  Relative  to  the  background 
category,  there  was  a  significant  decreased  risk  of  hearing  loss  for  Ranch  Hands  in  the  high 
current  dioxin  categor/  (Est.  R.R.=0.63,  95%  C.I.;  [0.45.0.39],  p=0.009).  However,  this 
occurred  because  Ranch  Hands  in  the  high  current  dioxin  category  were  on  the  averatze 
younger  than  Comparisons  in  the  background  category  (63%  of  of  Ranch  Hands  in  the' high 
category  were  bom  in  or  after  1942  versus  41%  of  Comparisons  in  the  background  category). 
For  this  reason,  the  overall  contrast  and  the  high  versus  background  contrast  became 
nonsignificant  after  adjustment  for  age  (Table  8-9  (jj:  p=0.660  and  p=0.600,  respectively). 

Other  Neurological  Disorders 

Preliminary  screening  analyses  showed  that  occupation  was  highly  associated  with 
other  neurological  disorders.  The  incidence  was  much  higher  in  enlisted'  flyers  and  enlisted 
groundcrew  t!  an  in  officers.  This  finding  was  independent  of  group  membership.  The 
percentages  of  Ranch  Hands  in  the  maximal  cohon  with  other  nturological  disorders  were  7,4 
percent  for  officers,  32.6  percent  for  enlisted  flyers,  and  26.2  percent  for  enlisted  groundcrew. 
For  Comparisons  with  background  levels  of  current  dioxin,  the  incidences  were  7.8  percent  for 
officers,  33.6  percent  for  enlisted  flyers,  and  28.1  percent  for  enlisted  groundcrew.  Occupation 
is  also  highly  associated  with  current  levels  of  dioxin.  Enlisted  groundcrew  have  the  hi  chest 
current  levels  followed  by  enlisted  fiyers  and  officers  (see  Chapter  2,  Dioxin  Assay). 
Consequently,  an  additional  model  that  included  occupation  was  examined  in  each  analysis. 
Appendix  Table  G-3  presents  the  results  of  these  analyses. 

Model  I:  Ranch  Hands  ■  Log2  (Initial  Dioxin) 

The  unadjusted  analyses  did  not  find  a  significant  association  between  initial  dioxin  and 
conditions  in  the  other  neurological  disorders  category  under  the  minimal  assumption  (Table 
8-10  [a]:  p=0.392),  but  under  the  maximal  assumption,  the  relative  risk  was  significantly 
more  than  I  (Table  8-10  [bj:  Est.  RR=:!.24,  p<0.001).  The  percentage  of  Ranch  Hands  in 
the  maximal  cohort  with  a  post-SE.A  history  of  other  neurological  disorders  increased  with 
levels  of  initial  dioxin  (11.5%,  23.5%,  and  25.8%  for  the  low,  medium,  and  high  initial  dioxin 
categories). 
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TABLE  8-10 


Analysis  of  Other  Neurological  Disorders 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Inidal 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.y* 

p-Value 

a)  Minimal 

Low 

130 

16.2 

1.07  (0.91,1.26) 

0.392 

(n=520) 

Medium 

259 

29.0 

High 

131 

24.4 

b'i  Maxima] 

Low 

183 

11.5 

1.24  (1.09,1.40) 

<0.001 

(n=739) 

Medium 

370 

23.5 

High 

1S6 

25.8 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95*^  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 

1.20(1.01,1.43) 

0.037 

AGE  (p<0.001) 

(n=520) 

d)  Maximal 

1.35  (1.18.1.54) 

<0.001 

AGE  (p<0.001) 

(n=739) 

*R«l«live  risk  for  <  cwofold  incrsis*  in  dionn. 

Noi«:  Minim«l--Low:  52-93  ^rpi:  M<idium.'  >93-292  ppi;  Hinh.  >292  ppt 

Maximal-Low:  25-56.9  ppt;  Meilium:  >56.9-218  pp'..  High:  >218  ppt 


TABLE  8-10.  (Continued) 
Analysis  of  Other  Neurological  Disorders 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^ 

p  Value 

e)  Minimal 

0.619b 

(n=520) 

^18.6 

16.7 

28.4 

18.5 

1.11  (0.85,1.46) 

0.437c 

(72) 

(127) 

(54) 

>18.6 

19.0 

28.8 

27.3 

1  02  (0.82,1.26) 

0.858= 

(58) 

(132) 

(77) 

f)  Maximal 

0.114b 

(n=739) 

^18.6 

7.6 

21.1 

25.3 

1.37  (1.12,1.68) 

0.002= 

(105) 

(190) 

(83) 

>18.6 

15.4 

25.7 

27.9 

1.11  (0.94,1.31) 

0.204= 

(78) 

(179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.453b  AGE  (p<0.001) 

(n=520) 

£18.6 

1.35  (1.01,1.79) 

0.04 1C 

>18.6 

1.18  (0.94.1.47) 

0.156= 

h)  Maximal 

0.082b  age  (p<0.(X)l) 

(n=739) 

<18.6 

1.58  (1.27,1.96) 

<0.00 1  c 

>18.6 

1.24  (1.05,1.48) 

0.0 1 4C 

*Rel*tjve  nsk  for  i  twofold  ir.creMe  in  dioxin. 

cst  of  ligniHcince  for  homoseneiry  of  relative  rtskj  (current  dioxin  continuous,  lime  caiejtorixed). 
^Tesl  of  sifiniflcance  for  relative  nslc  equal  lo  1  (current  dioxin  corimuous,  iboe  catesorized). 

Note:  Mirimal-l^w:  >!0-14.65  ppt;  Medium;  >14.65-.J5.75  ppt;  High:  >45.73  ppt. 

■M.tximal-Low:  >5  9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  8-10.  (Continued) 
Analysis  of  O^her  Neurological  Disorders 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Value 

Baclcground 

781 

21.6 

All  Categories 

0.014 

Unknown 

342 

17.0 

Unknown  vs.  Background 

0.74  (0.53.1.03) 

0.073 

Low 

195 

112 

Low  vs.  Backgiound 

1J5  (0.94.1.93) 

0.100 

High 

187 

26.7 

High  vs.  Background 

1.32  (0.92.1.91) 

0.135 

Total 

1.505 

J) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  n-Value 

P.ema-ks 

Background 

781 

All  Categories 

<0.001 

Unknown 

342 

Unknown  vs.  Background 

0.71  (0.50,0.99) 

0.041 

Low 

195 

Low  vs.  Background 

1.39  (0.96.2.01) 

0.073 

High 

187 

High  vs.  Background 

1.72  (1.17J2.51) 

0.005 

Total 

1.503 

AGE  (pxO.OOl) 


Note:  Background  (Comparisons):  Current  Dioxin  ilO  ppt. 

Unknown  (Kanch  Hands):  Current  Dioxin  ^10  ppL 
Low  ((Ranch  Hands):  15  ppt  <  Current  Dioxin  £33.3  ("pt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 
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Adjusting  for  age,  the  relative  risk  was  significantly  more  than  1  under  both  the  minimal 
(Table  8-10  [c]:  Adj.  RR=1.20,  p=0.037)  and  maximal  (Table  8-10  [d]:  Adj.  RR=1.35, 
p<0.001)  assumptions.  However,  the  relative  risk  became  nonsignificant  under  both 
assumptions,  after  also  including  occupation  in  the  model  (Appendix  Table  G-3:  Adj. 
RR=0.97,  p=0.740  under  the  minimal  assumption;  Adj.  RR=1.04,  p=0.567  under  the  maximal 

assumption). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  unadjusted  current  dioxin  and  time  since  tour  ^ 
analysis  of  the  other  neurological  disorders  category  did  not  find  a  significant  current  dioxin- 
by-time  interaction  (Table  8-10  [e]:  p=0.619).  The  interaction  between  current  dioxin  and 
time  was  also  not  significant  under  the  maximal  assumption  (Table  8-10  [f]:  p=0.114),  but 
there  was  a  significant  association  between  current  dioxin  and  other  neurological  disorders 
for  Ranch  Hands  with  a  later  tour  (time<18.6:  Est.  RR=1.37,  p=0.002;  %  yes:  7.6%,  21.1%, 
and  25.3%  for  the  low,  medium,  and  high  current  dioxin  categories). 

After  adjusting  for  age,  the  current  dioxin-by-time  interaction  remained  nonsignirlcant 
under  the  minimal  assumption  (Table  8-10  [g]:  p'=0.453),  but  the  relative  risk  became 
significantly  more  than  1  for  Ranch  Hands  with  a  later  tour  (time<13.6:  Adj.  RR=i.35. 
p=0.041).  Under  the  maximal  assumption,  the  association  between  current  dioxin  and  other 
neurological  disorders  differed  marginally  between  time  strata  (Table  3-10  [h]:  p=0.082) 
after  adjusting  for  age.  In  each  time  stratum,  the  relative  risk  was  significantly  more  than  1. 
The  relative  risk  was  1.58  (p<0.001)  for  Ranch  Hands  in  the  maximal  cohort  with  a  later  tour 
and  1.24  (p=0.014)  for  those  with  an  earlier  tour.  However,  adjusting  for  age  a.nd  occupation, 
the  current  dioxin-by-time  interaction  and  all  within  time  stranrm  results  were  not  significant 
under  both  assumptions  (Appendix  Table  G-3:  p>0.10  for  all  analyses). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  incidence  of  conditions  in  the  other  neurological  disorders  category  differed 
significantly  among  current  dioxin  categories  in  the  unadjusted  analysis  (Table  8-10  [i]: 
21.6%,  17.0%,  27.2%,  and  26.7%  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories,  p=0.014).  The  relative  risk  for  the  unknown  versus  background  contrast  was 
marginally  less  than  1  (Est.  RR=0.74,  95%  C.I.:  [0.53,1.03],  p=0.073)  and  marginally  more 
than  1  for  the  low  versus  background  conmast  (Est.  RR=1.35,  95%  C.I.:  [0.94,1.93], 

p=0.100). 


The  overall  contrast  was  highly  significant  after  adjusting  for  age  (Table  8-10  []]; 
p<0.(X)l).  Each  Ranch  Hand  versus  background  contrast  was  significant  or  marginally 
significant.  TTiere  was  a  significant  increased  risk  of  other  neurological  disorders  for  the  high 
current  dioxin  category  (Adj.  RR=1.72,  95%  C.I.;  [1.17,2.51],  p=0.b05)  and  a  miarginally 
significant  increased  risk  in  the  low  category  (Adj.  RR=I.39,  95%  C.I.:  [0.96,2.01],  p==0.078) 
The  relative  risk  was  significantly  less  than  1  for  the  unknown  category  (Adj.  RR=0.71,  95% 
C.I.;  [0.50,0.99],  p=0.04i). 

Tne  results  of  the  analyses  adjusting  for  age  and  occupation  were  all  nonsignificant 
(Appendix  Table  G-3:  p>0.50  for  each  contrast).  Tne  relative  risk  for  the  unknown  versus 
background  contrast,  which  had  been  significantly  less  than  1,  became  more  than  1  (.Adj. 
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RR=1.12)  and  was  larger  than  the  relative  risk  for  both  the  low  versus  background  contrast 
(Adj.  RR=1.09)  and  the  high  versus  background  contrast  (Adj.  RR=1.06). 

Physical  Examination  Variables 

Smell 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Both  the  miniiTial  and  maximal  inidal  dioxin  analyses  of  smell  found  a  relative  risk  that  was 
less  than  1,  but  not  significant  (Table  8-11  [a-d]:  p>0.30  for  the  unadjusted  and  adjusted 
analyses).  There  were  only  four  Ranch  Hands  in  the  minimal  cohort  and  five  Ranch  Hands  in 
the  maximal  cohort  with  an  abnormal  sense  of  smell. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  maximal  assumptions,  the  current  dioxin-by-time  since  tour 
interaction  was  not  investigated  because  only  one  Ranch  Hand  with  more  than  18.6  years 
since  tour  had  an  abnormal  sense  of  smell.  The  association  between  current  dioxin:  and  smell 
was  not  significant  for  Ranch  Hands  with  18.6  years  or  less  since  tour  in  the  unadjusted 
analyses  (Table  3-1 1  [e]  and  [f];  p=0.375  for  the  minimal  analysis  and  p=0.727  for  the 
maximal  analysis).  No  adjusted  analyses  were  done  because  there  were  so  few 
abnormalities. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  overall  contrast  was  not  significant  in  both  the  unadjusted  and  adjusted  categorized 
current  dioxin  analyses  of  smell  (Table  8-11  [g]  and  [h]:  p=0.227  and  p=0.193,  respectively). 

Visual  Fields 

Model  1;  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  there  was  only  one  Ranch  Hand  with 
a  visual  field  abnormality.  Table  8-12  [a]  shows  that  he  was  in  the  low  inirial  dioxin  category 
under  the  minimal  assumption.  No  analyses  were  performed  because  of  the  sparse  number  of 
abnormalities. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

No  current  dioxin  and  time  since  tour  analyses  were  done  because  there  was  only  one 
visual  field  abnormality. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  only  two  cases  with  an  abnormal  visual  field  were  one  Comparison  in  the 
background  category  and  one  Ranch  Hand  in  the  unknown  current  dioxin  category.  Neither 
the  overall  contrast  (Table  8-12  [cj;  p=0.3I3)  nor  the  unknown  versus  background  contrast 


TABLE  8-11. 


Analysis  of  Smell 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.8 

0.61  (0.21,1.79) 

0.324 

(n=521) 

Medium 

260 

1.2 

High 

131 

0.0 

b)  Maximal 

Low 

184 

0.5 

0.88  (0.44,1.75) 

0.708 

(n=741) 

Medium 

371 

0.8 

High 

186 

0.5 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  CI.)a 

p-Value  Remarks 

c)  Minimal 

0.67  (0.22,2.00) 

0.432 

AGE  (p=0.421) 

(n=521) 

d)  Maximal 

0.93  (0.45,1.89) 

0.830 

AGE  (p=0.378) 

(n=741) 

^Relative  risk  for  a  twofold  increase  in  dioxin. 

Note:  Minimal-Low:  32-93  ppt;  Medium:  >93-292  ppt:  High:  >292  ppL 

Maximal-Low:  23-36.9  ppt;  Medium:  >56.9-218  ppq  High:  >218  ppL 


TABLE  8-11.  (Continued) 
Analysis  of  Smell 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnormal/(n) 
Cmrent  Dioxin 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

Hi.^h 

Est.  Relative 

Pisk  (95%  C.I.)a 

p-Value 

c)  Minimal 

.. 

(n=521) 

<18.6 

1.4 

1.6 

0.0 

0.50  (0.1  U.31) 

0.375b 

(72) 

(128) 

(54) 

>18.6 

0.0 

0.8 

0.0 

— 

(58) 

(132) 

(77) 

f)  Maxima] 

•  • 

(n=741) 

<18.6 

0.9 

1.6 

0.0 

0.86  (0.36,2.03) 

0.727b 

(106'l 

(191) 

(83) 

>18.6 

0.0 

0.6 

0.0 

— 

.. 

(78) 

(179) 

(104) 

*R«!itive  risk  for  a  twofold  increase  in  dioain. 

*^est  of  significance  for  relative  risk  equal  to  1  (cjirent  dioxin  continuous,  dme  categorized). 

Relative  risk,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note:  Minimal-Low:  >10-14,65  ppt:  .Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  8-11.  (Continued) 
Analysis  of  Smell 


g)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est,  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

784 

0.8 

All  Categories 

0.227 

Unknown 

343 

0.3 

Unknown  vs.  Background 

0.38  (0.053.16) 

0.640 

Low 

196 

1.5 

Low  vs.  Background 

2.02  (0.50,8.13) 

0.522 

High 

187 

0.0 

High  vs.  Background 

- 

0.552 

Total 

1,510 

h)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adi.  Relative 
Risk ■'(95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

784 

All  Categories 

0.193 

AGE  (p=0.176) 

Unknown 

Low 

High 

343 

196 

187 

Unknown  vs.  Background 
Low  vs.  Background 

High  vs.  Background 

0.37  (0.043.09) 
2.05  (0.51,8.28) 

0.359 

0317 

Total 

1310 

ReUlive  risk/confldcnce  mierval/p- value  not  given  due  to  the  absence  of  abnormaJities. 
Note:  Background  (Comparisons):  Current  Dioain  <10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioain  <10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  £33.3  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 


TABLE  8-12 


Analysis  of  Visual  Fields 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  (Initial  Dioxin)  -  Unadjusted 

Percent  Est.  Relative 

n  Abnormal  Risk  (95%  C.L) 

p-Value 

a)  Minimal 

Low 

130 

0.8 

(n=521) 

Medium 

260 

0.0 

High 

131 

0.0 

b)  Maximal 

Low 

184 

0.0 

•  • 

(n=741) 

Medium 

371 

0.3 

High 

186 

0.0 

— :  Relative  risk,  confidence  intervai.  and  p-value  not  given  due  to  the  sparse  number  of  abnonnaiities. 
Note:  Minimal-Low:  52-93  ppi;  Medium:  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High;  >218  ppL 


TABLE  8-12.  (Continued) 
Analysis  of  Visual  Fields 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  AbnormaI/(n) 

Current  Dioxin 

Time  Esl  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.) 

p-Value 

c)  Minimal 

(n=521) 

<18.6 

0.0 

0.0 

0.0 

— 

— 

(72) 

(128) 

(54) 

>18.6 

1.7 

0.0 

0.0 

— 

— 

(58) 

(132) 

(77) 

d)  Maximal 

.. 

(n=741) 

<18.6 

0.0 

0.0 

0.0 

— 

-- 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.6 

0.0 

— 

— 

(78) 

(179) 

(104) 

Relative  risk,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note:  Minimal-Low:  >10-14.65  ppq  Medium:  >14,65-45.75  ppt;  High:  >45.75  ppL 
Maximal-Low:  >5-9.01  ppt:  Medium:  >9.01-33J  ppt;  High:  >33J  ppL 


TABLE  8-12.  (Continued) 
Analysis  of  Visua!  Fields 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

782 

0.8 

All  Categories 

0.313 

Unknown 

343 

0.3 

Unknown  vs.  Background 

0.38  (0.053.15) 

0.636 

Low 

196 

0.0 

Low  vs.  Background 

" 

0.520 

High 

187 

0.0 

High  vs.  Background 

0.550 

Total 

U08 

Relauve  risk  md  confidence  interval  not  given  due  to  the  absence  of  abnormalities. 
Note;  Background  (Comparisons):  Cunent  Dioxui  ^10  ppc 
Unknown  (Ranch  Hands):  Current  Dioxin  £l0  ppt 
Low  (Ranch  Hands):  15  ppt  «.  Current  Dioxin  ^333  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >333  ppt. 


was  significant  (p=0.636)  in  the  unadjusted  analysis.  No  adjusted  analysis  was  done  due  to 
spanc  data. 

Light  Reaction 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Initial  dioxin  was  not  associated  significantly  with  the  prevalence  of  light  reaction 
abnormalities  under  both  the  minimal  and  maximal  assumpti..'s  (Table  8-13  [a-d]:  p>0.30 
for  the  unadjusted  and  adjusted  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dio?tin  and  time  since  tour  was  not  evaluated  under  the 
minimal  assumption  because  only  one  Ranch  Hand  witii  an  early  tour  had  an  abnormal  light 
reaction.  He  was  in  the  high  current  dioxin  category.  The  unadjusted  minimal  analysis  d’d 
not  find  a  significant  association  between  current  dioxin  and  light  reaction  for  Ranch  Hands 
with  a  later  tour  (Table  S-13  [e]:  p=0.943).  The  current  dioxin-by-time  interaction  was  not 
significant  in  the  unadjusted  maximal  analysis  of  light  reaction  (Table  8-13  [f]:  p=0.432).  No 
adjusted  analysis  was  done  because  of  the  sparse  number  of  abnormalities. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  light  reaction  abnormalities  did  not  differ  significaritly  among  the  four 
current  dioxin  categories  in  the  unadjusted  analysis  (Table  8-13  [g]:  p=0.565).  The  overall 
contrast  remained  nonsignificant  after  adjustment  for  age  (Table  8-13  [h]:  p=i).287). 

Ocular  Movement 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions  there  were  only  three  ocular 
movement  abnorma  Ities.  For  the  minimal  cohort,  they  were  all  in  the  medium  initial  dioxin 
category;  for  the  maximal  cohort,  three  were  in  the  medium  initial  dioxin  category  and  one 
was  in  the  low  category.  The  association  with  initial  dioxin  was  not  significant  in  either 
cohort  (Table  8-14  [a-d].  p>0.90  for  the  unadjusted  and  adjusted  analyses). 

Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dioxin  and  time  since  tour  could  not  be  analyzed 
because  no  Ranch  Hands  with  a  later  tour  had  an  abnormal  ocular  movement  The 
association  between  current  dioxin  and  ocular  movement  was  not  significant  for  Ranch  Hands 
with  an  early  tour  in  the  unadjusted  analyses  (Table  8-14  [e]:  p=0.783  for  the  minimal 
analysis;  Tabic  8-14  [f]:  p=0.818  for  the  maximal  analysis).  Adjusted  analyses  were  not 
done  due  to  the  sparseness  of  the  data. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
The  prevalence  of  abnormal  ocular  movement  did  not  differ  significan'’’  '  among  the 
current  dioxin  categories  in  either  the  unadjusted  (Table  8-14  [g]:  p=0.i  adjusted 
(Table  8-14  [h]:  p=0. 170)  analysis. 
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TABLE  8-13 


Analysis  of  Light  Reaction 


Ranch  Hands 

Log2  (Initial  Dioxin)  -  Unadjusted 

I 

Initial 

Percent  Esl  Relative 

Assumption 

Dioxin 

n 

Abnormal  Risk  (95%  C.I.)^ 

a)  Minimal 

Low 

130 

0.8  1.49  (0.67,3.30) 

p-Valuc  H 

0.346 

(n=521) 

Medium 

260 

0.0 

High 

131 

1.5 

I 

5 

b)  Maximal 

Low 

184 

1.6  0.98  (0.54,1.77) 

0-950  m 

(n=741) 

Medium 

371 

0.3 

I 

p,.  1 

High 

186 

1.1 

Ranch  Hands 

-  Log2  (Initial  Dioxin)  •  Adjusted 

I 

'  ■ 

" '  1,^ 

Assumotion 


Adj,  Relative 


Covariatc 

Remarks 


c)  Minimal 

1.42  (0.61,3.29) 

0.435 

AGE  (p=0.541) 

(n=:521) 

d)  Maximal 

0.99  (0.54,1.82) 

0.990 

AGE  (p=0.815) 

(n=741) 

•Reluive  risk  for  i  twofold  increise  in  dioxin. 

Note:  MinimsI-Low:  52-93  ppt;  Medium;  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56.9  ppq  Medium:  >56,9-213  ppt;  High;  >218  ppu 


TABLE  8-13.  (Continued) 
Analysis  of  Light  Reaction 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  AbnonnaJ/(n) 

Current  Dioxin 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 
(n=521) 

<18.6 

>18.6 

1.4 

(72) 

0.0 

(58) 

0.0 

(128) 

0.0 

(132) 

1.9 

(54) 

1.3 

(77) 

0.95  (0.25,3.64) 

0.943b 

0  Maximal 
(n=741) 

<18.6 

>18.6 

1.9 

(106) 

1.3 

(78) 

0.5 

(191) 

0.0 

(179) 

1.2 

(83) 

1.0 

(104) 

0.83  (0.34.1.99) 

1.35  (0.57,3.17) 

0.432+ 

0.67lb 

0.494b 

*ReUuve  ruk  for  i  twofold  ircretM  in  dioxm. 

^est  of  signiflc»nce  for  reUuve  riik  equ*J  to  I  (current  dionin  continuoiu.  tim*  ciiegotizedV 
— :  Relitive  riik.  confidence  LntemI,  ind  f>-v»lue  not  jiren  due  to  the  rpene  number  of  ibnormiluiej. 
^Tejt  of  signifcance  for  homojreneiry  of  reUijve  nski  (current  dioxin  conimuouj.  tune  otejorired). 
Note;  Minimil-Low-  >10-14.65  pp<;  Medium:  >14.65-15.75  ppt;  Hijh:  >45.75  ppt. 
■Mi.ximel-Low:  >5-9  01  ppt;  Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 


TABLE  8-13.  (Continued) 
Analysis  of  Light  Reaction 


g)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

782 

1.0 

All  Categories 

0365 

Unknown 

343 

0.9 

Unknown  vs.  Background 

0.83  (0.233.24) 

0.999 

Low 

196 

0.0 

Low  vs.  Background 

•  • 

0.332 

High 

187 

1.1 

High  vs.  Background 

1.05  (0.22,4.97) 

0.999 

Total 

U08 

h) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adi.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

782 

All  Caiegcrics 

0287 

AGE  (p-0.309) 

Unknown 

343 

Unkno'xm  vs.  Background  0.S4  (0.22 

3.18) 

0.794 

Low 

196 

Low  vs.  Background 

•  • 

High 

187 

High  vs.  Background  1.20  (0.25.5.87) 

0.819 

Total 

1.508 

— :  Reliuve  riilc,  conTnifnce  insenoj.  trd  p-v»iue  noc  due  to  Lha  ibienco  of  ibnorm»Jiiief, 

Note:  Background  (Compiriroru):  Current  DioJin  i!0  ppt. 

Unknown  (Rinch  Hindi):  Current  Dioim  ^10  ppt. 

Low  (Ranch  Hindi):  15  ppt  <  Current  Dioiin  ^33.3  ppt. 

High  (Ranch  Hands):  Current  Dioim  >33.3  ppt. 


:i-iZ 


TABLE  8-14. 


Analysis  of  Ocular  Movement 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

0.97  (0.37,2.53) 

0.958 

(n=521) 

Medium 

260 

1.2 

High 

131 

0.0 

b)  Maximal 

Low 

184 

0.5 

1.02  (0.51,2.08) 

0.944 

(n=741) 

Medium 

371 

0.8 

High 

186 

0.0 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 

1.01  (0.38,2.68)  0.988  AGE  (p=0.781) 


1.00  (0.49,2.07)  0.988  AGE  (p=0.779) 


•Relative  risk  for  a  twofold  increase  in  dioain. 

Note:  .Minimal-Low:  J2-93  ppf.  Medium:  >93-292  ppt;  High:  >292  ppt. 

■Ma.rimal-Low:  23-56,9  ppt;  Medium:  >36.9-218  pft;  Hig,h:  >218  ppt. 


TABLE  8-14.  (Continued) 
Analysis  of  Ocular  Movement 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin _ 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

Hi-h 

Risk  (95%  C.I.)a 

p-Value 

c)  Minimal 
(n=521) 

<18.6 

>18.6 

0.0 

(72) 

0.0 

(58) 

0.0 

(128) 

2.3 

(132) 

0.0 

(54) 

0.0 

(77) 

0.82  (0.20,3.41) 

0.783b 

f)  Maximal 
(n=741) 

<18.6 

>18.6 

0.0 

(106) 

1.3 

(78) 

0.0 

(191) 

1.7 

(179) 

0.0 

(83) 

0.0 

(104) 

0.88  (0.31,2.52) 

0.818b 

•Relative  riik  for  t  twofold  incretje  in  dioxin. 

*’Te*t  of  tigni/icince  for  relitive  risk  equal  to  1  (current  dioxin  continuouj,  time  ettegorized). 

Relative  risk,  confidetjce  interval,  and  [s-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note;  Minimal-Low:  >10-14,63  ppt;  Medium;  >14.63-45.75  ppt;  High:  >45.75  ppt. 
■Maximal-Low:  >3-9.01  ppq  .Medium:  >9.01-33.3  ppt;  High;  >33 J  ppt. 
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TABLE  8-14.  (Continued) 
Analysis  of  Ocular  Movement 


g)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 

Cun?nt 


Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95  C.I.) 

p-Value 

Background 

7S3 

0.5 

All  Categories 

0.165 

Unknown 

343 

0.3 

Unknown  vs.  Background 

0.57  (0.06,5.11) 

0.999 

Low 

196 

1.5 

Low  vs.  Background 

3.03  (0.67,13.63) 

0.296 

High 

187 

0.0 

High  vs.  Background 

-- 

0.848 

Total  1,509 


h)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 

Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

783 

All  Categories 

0.170 

AGE  (p=0.455) 

Unknown 

343 

Unknown  vs.  Background 

0.59  (0.074.31) 

0.636 

Low 

196 

Low  vs.  Background 

3.01  (0.67.13.56) 

0.150 

High 

187 

High  vs.  Background 

" 

•- 

Total 

1,509 

Relative  risltyconfidence  imerval/p-value  not  given  due  to  the  ibience  of  ibnormaiitiej. 
Note:  Background  (Comparisons);  Current  CHoxin  ^10  ppt. 

Unknown  (Ranch  Hands);  Current  Dioxin  <10  ppu 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  533.3  ppc. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppL 


Facial  Sensation 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumpdons,  inidal  dioxin  was  not  associated 
significandy  with  the  prevalence  of  facial  sensadon  abnormalides  in  either  the  unadjusted  or 
adjusted  analyses  (Table  8-15  [a-d]:  p>0.60  for  all  analyses).  There  were  only  three 
assayed  Ranch  Hands  with  an  abnormal  facial  sensadon. 

Model!:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  intcracdon  between  current  dioxin  and  time  since  tour  was  not  investigated 
because  there  was  only  one  Ranch  Hand  with  an  early  tour  who  had  a  facial  sensation 
abnormality.  Under  both  the  minimal  and  maximal  assumptions,  current  dioxin  was  not 
associated  significandy  with  facial  sensadon  for  Ranch  Hands  with  a  later  tour  (Table  8-15 
[e]  and  [f]:  p=0.454  and  p=0.203,  in  the  unadjusted  analyses,  respectively).  No  adjusted 
analysis  was  done  because  of  sparse  data. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  facial  sensadon  abnormalities  did  not  differ  significandy  among  the 
current  dioxin  categories  in  bodi  the  unadjusted  and  adjusted  categorized  current  dioxin 
analyses  (Table  8-15  [g]  and  [h];  p=0.543  and  p=0.313,  respectively). 

Smfle 

Model  1;  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Initial  dioxin  was  not  significandy  associated  with  the  prevalence  of  smile  abnormalities 
under  both  the  minimal  and  maximal  assumptions  (Table  8-16  [a-d]:  p>0.10  for  the 
unadjusted  and  adjusted  analyses).  Only  three  Ranch  Hands  in  the  minimal  cohon  and  five 
Ranch  Hands  in  the  maximal  cohort  had  an  abnormal  smile. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-time  since  tour  interaction  was  not  analyzed  because  only  one 
Ranch  Hand  with  a  later  tour  had  a  smile  abnormality.  For  Ranch  Hands  with  an  early  tour, 
current  dioxin  was  marginally  associated  with  smile  in  the  unadjusted  minimal  analysis 
(Table  8-16  [e]:  Est.  RR=2.53,  p=0.059),  but  there  was  no  significant  association  in  the 
unadjusted  maximal  analysis  (Table  8-16  [f]:  p=0.668).  For  the  minimal  analysis,  both 
Ranch  Hands  with  a  later  tour  who  had  a  smile  abnormality  were  in  the  high  current  dioxin 
category.  No  adjusted  analyses  were  done  because  of  sparse  data. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  categorized  current  dioxin  analyses  of  smile  did  not  reveal  a  significant  contrast  in 
either  the  un.adjustcd  or  adjusted  analysis  (Table  8-16  [g]  and  [hj:  p>0.35  for  all  contrasts). 


TABLE  8-15, 


Analysis  of  Facial  Sensation 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.8 

0.87  (0.31 ,2.40) 

0.779 

(n=521) 

Medium 

260 

0.4 

High 

131 

0.8 

b)  Maximal 

Low 

184 

0.0 

1.21  (0.57,2.58) 

0.628 

(n=741) 

Medium 

371 

0.5 

High 

186 

0.5 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

p- Value  Remarks 

c) 

Minimal 

(n=521) 

0.77  (0.26,2.25) 

0.619 

AGE  (p=0.365) 

d) 

Maximal 

(n=741) 

1.12  (0.51,2.44) 

0.776 

AGE  (p=0.394) 

^Relative  risk  fat  a  twofoW  increase  in  diojin. 

Now:  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppL 

Ma.^imal-Low:  25-36.9  ppt;  Medium:  >56.9-218  ppt;  High'  >218  ppt. 


m 


I 
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TABLE  8-15.  (Continued) 
Analysis  of  Facial  Sensation 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnonnal/(n) 
Current  Dioxin _ 


Hmc 


Esl  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 
(n=521) 

<18.6 

>18.6 

0.0 

(72) 

1.7 

(58) 

0.8 

(128) 

0.0 

(132) 

1.9 

(54) 

0.0 

(77) 

1.55  (0.49,4.88) 

0.454b 

f)  Maximal 
(n=74l) 

<18.6 

>18.6 

0.0 

(106) 

0.0 

(78) 

0.5 

(191) 

0.6 

(179) 

1.2 

(83) 

0.0 

(104) 

1.88  (0.71,4.97) 

0.203b 

*Relauve  risk  for  a  twofold  incrsiio  in  dioxin. 

*^est  of  significance  for  reiadve  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

— :  Relative  risk,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note:  Minimal-Low:  >10-14.65  ppt:  Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 
Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33-3  ppq  High:  >33J  ppt. 
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TABLE  8-15.  (Continued) 
Analysis  of  Facial  Sensation 


g)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Background 

783 

0.6 

Unknown 

343 

0.0 

Low 

196 

0.5 

High 

187 

0.5 

Total 

1,509 

_ Contrast _ 

All  Categories 

Unknown  vs.  Background 
Low  vs.  Background 
High  vs.  Background 


Est  Relative 
Risk  (95%  C.I.) 


0.80  (0.09,6.87) 
0.84  (0.10,7.20) 


3-Vaiue 

0543 


h)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category _ n 

Background  783 

Unknown  343 

Low  196 

High  187 


_ Contrast _ 

All  Categories 

Unknown  vs.  Background 
Low  vs.  Background 
High  vs.  Background 


Adj.  Relative 
Risk  (95%  C.I.) 


0.80  (0.09,6.87) 
0.80  (0.09,7.10) 


)-Value 

0.313 


Covariate 

Remarks 

AGE  (p=0.809) 


Relative  risk/confidence  interval/p-value  not  given  due  to  the  absence  of  abnormalities. 
Note:  Background  (Comparisons);  Current  Dioxin  ^10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  <10  ppt- 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33.3  ppt. 

High  (Ranch  Hands);  Cunent  Dioxin  >33J  ppt. 


TABLE  8-16, 


Analysis  of  Smile 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Esl  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.87  (0.88,3.98) 

0.124 

(n=521) 

Medium 

260 

0.4 

High 

131 

IJ 

b)  Maximal 

Low 

184 

1.1 

1.24  (0.69,2.21) 

0.485 

(n=741) 

Medium 

371 

0.3 

High 

186 

1.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 
(n=521) 

1.88  (0.88,f02) 

0.124 

AGE  (p=0.889) 

d)  Maximal 
(n=741) 

1.18  (0.65,2.15) 

0.588 

AGE  (p=0.518) 

^Relative  risk  for  a  rwofold  increase  in  dioxin. 

Note:  Minimal-- Low:  52-93  ppt:  Medium:  >93-292  ppt;  High:  >292  ppL 

Maximal— Low:  25-56,9  ppt;  Medium:  >56.9-218  ppt;  High;  >21S  ppt. 


TABLE  8-16.  (Continued) 
Analysis  of  Smile 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  AbnormaJ[/(n) 

Current  Dioxin _ 

Time  Est  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p- Value 

e)  Minimal 
(n=521) 

<18.6 

>18.6 

0.0 

(72) 

0.0 

(58) 

0.8 

(128) 

0.0 

(132) 

0.0 

(54) 

2.6 

(77) 

2.53  (0.96,6.66) 

0.059b 

f)  Maximal 
(n=741) 

<18.6 

>18.6 

0.0 

(106) 

2.6 

(78) 

s 

0.5 

(191) 

0.0 

(179) 

0.0 

(83) 

1.9 

(104) 

1.15  (0.60,2.19) 

0.668b 

*Relauve  risk  for  s  twofold  increase  in  dioain. 

^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  cafegorized). 

Relative  risk,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note;  Minimal-- Low:  >10-14.65  ppt;  Medium;  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt;  Medium:  >9.01-33J  ppt;  High:  >33-3  ppt. 
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TABLE  ■3-'I6.  (Continued) 
Analysis  of  Smile 


g)  Ranch  Hinds  and  Comparisons  by  Current  Dioxin  Category  - 

Current 

Diorun  Percent  Est  Reladve 

Category  n  Abnormal  Contrast  Risk  (95%  C.I.) 

Unadjusted 

p- Value 

Background 

784 

1.2  All  Categories 

0.711 

Unknown 

343 

0.6  Unknown  vs.  Background  0.51(0.11.2.35) 

0.384 

Low 

196 

0.5  Low  vs.  Background  0.44  (0.06.3.51) 

0.439 

High 

187 

1.1  High  vs.  Background  0.93  (0.20.4.34) 

0.927 

Total 

UlO 

h) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Reladve 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  p-Value 

Remarks 

Background 

784 

All  Categories  0.671 

AGE  (p=0.190) 

Unknown 

343 

Unknown  vs.  Background  0.49  (0.11.2.30)  0.369 

Low 

196 

Low  vs.  Background  0.45  (0.063.55)  0.445 

High 

187 

High  vs.  Background  1.11(0.233.30)  0.898 

Total 

UlO 

Noie:  Background  (Comparisons):  Current  Dioxin  ^10  ppt. 
Unknown  (Ranch  Hands):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33  J  ppc 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 
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Palpebral  Fissure 


Model  1:  Ranch  Hands  -  Logi  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  initial  dioxin  analyses  did  not  find 
a  significant  association  with  palpebral  fissure  (Table  8-17  [a-d]:  p>0.35  in  the  unadjusted 
and  adjusted  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dioxin  and  time  since  tour  was  not  significant  for  the 
minimal  and  maximal  analyses  of  palpebral  fissure  (Table  8-17  [e-h]:  p>0.20  in  the 
unadjusted  and  adjusted  analyses). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  percentages  of  participants  w’'h  an  abnormal  palpebral  fissure  did  not  differ 
significantly  among  the  current  dioxin  categories  in  the  unadjusted  analysis  (Table  8-17  [i]: 
1.3%,  1.2%,  2.0%,  and  1.6%  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories,  p=0.850).  After  adjustment  for  age,  the  overall  contrast  remained  nonsignificant 
(Tabic  8-17  [j];  p=0.803). 

Balance 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  initial  dioxin  was  not  significantly 
associated  with  balance  in  the  unadjusted  analyses  (Table  8-18  [a]  and  [b]:  p=0.871  and 
p=0.479).  No  adjusted  analyses  were  done  because  only  two  assayed  Ranch  Hands  had  an 
abnormal  balance  (one  in  the  medium  initial  dioxin  category  and  one  in  the  high  category 
under  both  assumptions). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-time  since  tour  interaction  could  not  be  evaluated  because  no 
Ranch  Hands  with  a  later  tour  had  an  abnormal  balance.  Under  both  the  minimal  and  maximal 
assumptions,  current  dioxin  was  not  significantly  associated  with  balance  in  the  unadjusted 
analyses  for  Ranch  Hands  with  an  early  tour  (Table  8-18  [c]  and  [d];  p=0.921  and  p=0.770, 
respectively).  No  adjusted  analyses  were  done  because  of  sparse  data. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  current  dioxin  analysis  of  balance  did  not  show  a  significant 
overall  contrast  (Table  8-18  [e];  p=0.117).  There  were  no  abnormalities  in  the  background 
or  unknown  current  dioxin  categories  and  there  was  one  abnormality  in  both  the  low  and  hi<^h 
current  dioxin  categories.  “ 
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TABLE  8-17. 


Analysis  of  Palpebral  Fissure 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.8 

L27  (0.76.2.14) 

0.376 

(n=521) 

Medium 

260 

1.5 

High 

131 

2.3 

b)  Maximal 

Low 

184 

1.6 

1.13  (0.75,1.70) 

0.564 

(n=741) 

Medium 

371 

1.1 

High 

186 

2.2 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  C.l.)^ _ p-Value _ Remarks 


c)  Minimal 

1.22  (0.7U.08) 

0.483 

AGE  (p=0.582) 

(n=519) 

DIAB*1NS  (p=0.CK.0) 

d)  Maximal 

1.12  (0.74,1.71) 

0.598 

AGE  (p=0.857) 

(n=741) 

*ReIaiive  risk  for  t  twofold  increaM  in  dioxin. 

Note;  Minimal-Low:  52-93  ppf  Medium:  >93-292  ppq  Hig.h:  >292  ppt 

Maximal-Low:  25-56.9  ppi;  .Medium:  >56.9-218  ppe  Hig-h:  >218  ppt. 


TABLE  8-17.  (Continued) 
Analysis  of  Palpebral  Fissure 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin _ 

Time  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^  p-Value 

c)  Minimal 

0.552b 

(n=321) 

<18.6 

0.0 

1.6 

0.0 

0.79  (0.18,3.43)  0.758= 

(72) 

(128) 

(54) 

>18.6 

1  ^ 

*  .  V 

1.3 

3.9 

1.25  (0.70,2.23)  0.451= 

(58) 

(132) 

(77) 

0  Maximal 

0.228b 

(n=741) 

<;18.6 

1.9 

1.1 

0.0 

0.67  (0.25,1.81)  0.427= 

(106) 

(191) 

(83) 

>18.6 

1.3 

1.7 

2.9 

1.26  (0.78,2.02)  0.347= 

(78) 

(179) 

(104) 

Ranch  Hands  •  1 

Logs  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

rVrs.) 

Risk  i95%  C.I.)3 

p-Value  Remarks 

g)  Minimal 

0.453b  ACE  (p-0,744) 

(n=519) 

<13,6 

0.7 

4  (0.18.3.03) 

0.681=  DIAFriNS  (p=0,038'i 

>18.6 

1,2 

7  (0.71.2.26) 

0.423= 

h)  Maximal 

0.229b  (p  =  ()~{)()) 

1  n  =  74 1 ) 

<18.6 

0.66  (0.24,1.76) 

0.403= 

>18,6 

1.22  (0.7.5.2.00) 

0.420C 

hjIc  for  i  ^wofcivl  tn  -Jjoxtn. 

of  iicniriCATXff  for  homourr^ny  of  rtlauvr;  nsxj  a-jn^ni  conunuou*.  \irr.e  catr^or’./eO V 

^Test  of  ^lijr'iric.ircft  !of  'ri.^tivr  'Mk  r^jual  ’o  1  (currmt  -isotin  cnr.tmon'ii.  !;rr.f  c i(f ifon/cd ). 

No;e:  M:r.irr.il--L*jw:  Wdtvm:  >14  ^5-4?.''5  H:i?h:  >4,^75  ppi. 

M  ^.!--Li)w:  >S  M}i  ppt;  MrCijm;  >4  01^73  3  prij;  H:|^h;  >33.3  ppt. 


TABLE  8-17.  (Continued) 
Analysis  of  Palpebral  Fissure 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Cunent 

Dioxin 

Percent 

EsL  Relative 

Category 

n 

Abnormal  Contrast  Rixit  (95%  C.I.) 

p-Vaiue 

Backgrotind 

784 

1.3  All  Categoric-s 

0.850 

Unknown 

343 

1.2  Unknown  vs.  Background  0.91  (0.28.2.93) 

0.879 

Low 

1% 

2.0  Low  vs.  Background  1.61(0.504.20) 

0.424 

High 

187 

1.6  High  vs.  Background  1.26  (0.34,4.63) 

0.726 

Total 

UlO 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Conuast 

Risk  (95%  C.I.)  p-Value 

Remarks 

Packground 

78a 

All  Categories 

0.803 

AGE  (p=0.211) 

Unknown 

343 

Unknown  vs.  Background 

0.90  (0.234.S8)  0.853 

Low 

196 

Low  vs.  Background 

1.63  (0.504.25)  0.416 

High 

187 

High  vs.  Background 

1.45  (0.394.42)  0.584 

Total 

UlO 

Note:  Bickjround  (Comparisons):  Corrcnt  Dioxm  ^10  ppL 
Unknown  (Ranch  Hands):  Corrent  Diosm  ilO  ppc 
Low  (Ranch  Hands):  15  ppl  <  Current  Dioain  5J3.3  ppt. 
Hijh  (Ranch  Hands);  Canrnt  Diostn  >33.3  ppt. 


S-fsf) 


TABLE  8-18, 


Analysis  of  Balance 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est,  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.10  (0.36,3.30) 

0.871 

(n=521) 

Medium 

260 

0.4 

High 

131 

0.8 

b)  Maximal 

Low 

184 

0.0 

1.39  (0.58,3.34) 

0.479 

(n-=741) 

Medium 

371 

0.3 

High 

186 

0.5 

^Relative  .-isle  for  a  twofold  mcreaie  In  dioxin. 

Note;  Minimal-Low:  52-93  ppe  Medium:  >93-292  ppt;  High:  >292  ppt 

Maximal-Low:  25-56.9  ppc  Medium:  >56.9-218  ppt;  High;  >218  ppL 
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TABLE  8-18.  (Continued) 
Analysis  of  Balance 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 


Percent  Abnonna]/(n) 
Current  CKoxin _ 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

High 

EsL  Relative 

Risk  C.I.)a 

p-Value 

c)  Minimal 

(n=521) 

<18.6 

0.0 

0.0 

0.0 

— 

" 

(72) 

(128) 

(54) 

>18.6 

0.0 

0.8 

1.3 

0.92  (0.18,4.70) 

0.9:ib 

(58) 

(132) 

(77) 

d)  Maximal 

-- 

(n=741) 

£18.6 

0.0 

0.0 

0.0 

— 

.. 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.6 

1.0 

1.21  (0.34,4.24) 

0.770^ 

(78) 

(179) 

(104) 

*ReUtive  rbk  for  i  twofold  mcrcase  in  dioxin. 

^est  of  tignificince  for  reliiive  risk  equtj  to  1  (cunent  dioxin  continuouf,  time  ciiejorized). 

Relitive  riik,  confidep.ci*.  iniervil.  ind  p-v»]ue  not  given  due  to  the  rpjne  number  of  ibnormelilies. 
Note;  Minimal-Low:  >10-14.65  ppt;  Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt;  .Medium;  >9.01 -33 J  ppt;  High:  >33 J  ppt. 
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TABLE  8-18.  (Continued) 
Analysis  of  Balance 


Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est.  Relative 

Risk  (95%  C.L) 

p- Value 

Background 

783 

0.0 

All  Categories 

0.117 

Unknown 

343 

0.0 

Unknown  vs.  Background 

Low 

196 

0.5 

Low  vs.  Background 

-- 

0.400 

High 

187 

0.5 

High  vs.  Background 

-- 

0.386 

Total 

1,:09 

— ;  Relative  risk/coniidence  inu.Tvilj'p-vaiue  not  given  due  to  die  absence  of  abnonnaJities. 
Note:  Background  (Comparisons):  Cunent  Dioxin  ilO  ppL 
Unknown  (Ranch  Hands):  Cunent  Dioxin  ^10  ppt 
Low  (Ranch  Hands);  13  ppt  <  Cunent  Dioxin  ^33.3  ppt 
High  (Ranch  Hands);  Cunent  Dioxin  >33.3  ppt 
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Spe«ch 


Model  1:  Ranch  Hands  •  Los2  Dioxin) 

No  initial  dioxin  analyses  were  done  for  speech  because  only  one  Ranch  Hand  had  a 
speech  abnormality  under  both  the  minimal  and  maximal  assumptions.  Table  8-19  shows 
that  he  was  in  the  medium  initial  dioxin  category. 

Modsl  2:  Ranch  Hands  -  Log2  {Current  Dioxin)  and  Time 

No  current  dioxin  and  time  since  tour  analyses  were  done  because  there  was  only  one 
speech  abnormality. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

For  the  categorized  current  dioxin  analyses,  there  was  one  speech  abnormality  in  the 
background  category  and  one  in  the  low  current  dioxin  category.  Neither  the  overall  contrast 
nor  the  low  versus  background  contnft  was  significant  in  the  unadjusted  analysis  (Table 
8-19  [e]:  p=0.421  and  p=0.720,  respi  .lively).  No  adjusted  analysis  was  done  due  to  sparse 
data. 


Neck  Range  of  Motion 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  of  neck  range  of  motion  did  not  find  a  significant 
association  under  both  the  minimal  (Table  8-20  [a]:  p=0.748)  and  maximal  (Table  8-20  [b]: 
p=0.356)  assumptions.  Tne  adjusted  minimal  analysis  revealed  two  significant  initial  dioxin- 
by-covariate  interactions — initial  dioxin-by-race  (Table  8-20  [c]:  p=0.001)  and  initial 
dioxin-by-diabetic  class  (p--=0.008).  Separate  analyses  were  done  for  Blacks  and  non-Blacks 
to  explore  the  interactions.  Tne  analyses  for  Blacks  found  that  only  one  Black  Ranch  Hand 
had  an  abnormal  range  of  morion  and  he  was  in  the  low  initial  dioxin  category. 

The  initial  dioxin-by-diabetic  class  interaction  was  significant  for  non-Blacks.  Further 
stratification  by  diabetic  class  showed  a  significant  association  between  initial  dioxin  and 
range  of  motion  for  non-Black  diabetics  (Appendix  Table  G-1:  Adj.  RR=2.20,  p=0.CX)2;  % 
abnormal;  7.7%,  17.27£;,  and  21.1%  for  the  low,  medium,  and  high  initial  dioxin  categories). 
Initial  dioxin  was  not  associated  significantly  with  range  of  motion  for  either  diabetically 
impaired  non-Blacks  (Adj.  RR=0.52,  p^.221)  or  for  normal  non-Blacks  (Adj.  RR=1.20, 
p=0.267),  After  excluding  the  initial  ciioxin-by-covariatc  interactions,  the  relative  risk  was 
marginally  more  than  1  in  the  adjusted  minimal  analysis  (Table  8-20  [c]:  Adj.  RR=1.24, 
p=0.087). 

The  initial  dioxin-by-diabctic  class  interaction  was  also  significant  in  the  adjusted 
maximal  analysis  (Table  8-20  [d]:  p^O.OO-i).  Stratified  findings  were  consistent  with  the 
results  of  the  adjusted  minimal  analysis  for  non-Blacks.  For  diabetic  Ranch  Hands,  initial 
dioxin  was  associated  significantly  with  range  of  motion  (.Appendix  Table  G-1;  Adj. 

RR=1.85,  p=0.004;  %  abncrmal;  10,0%,  12.2%,  and  19.4%  for  the  low,  medium,  and  hiah  initial 
dioxin  categories),  but  che  association  was  not  significant  for  either  diabetically  impaired 
(Adj.  RR=0.61,  p=0. 122)  or  normal  Ranch  Hands  (Adj.  RR=1.01,  p=0.956).  After  excluding 
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TABLE  8-19, 


Analysis  of  Speech 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  (Initial  Dioxin)  -  Unadjusted 

Percent  Est  Relative 

n  Abnormal  Risk  (95%  C.I.) 

p-Value 

a)  Minimal 

Low 

130 

0.0 

(n=521) 

Medium 

260 

0.4 

High 

131 

h)  Maximal 

Low 

184 

0.0 

(n=741) 

Medium 

371 

0.3 

High 

186 

0.0 

— :  Relidve  ri  ;ic.  coniidenca  tntarvai,  and  p-vilue  not  given  due  to  the  sparse  number  of  abnormalities. 
Note:  Minim:'l-Low:  52-93  ppq  Medium;  >93-292  ppt;  High:  >292  ppt. 

Maxir  ji-Low;  25-56.9  ppc  Medium:  >56.9-218  ppt;  High;  >218  ppt. 
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TABLE  8-19.  (Continued) 
Analysis  of  Speech 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin 

Time  Est  Relative 

Assumption  (Yrs.)  Low  Medium  High _ Risk  (95%  C.I.) _ p-Value 

c)  Minimal 


(n=521) 

<18.6 

0.0 

0.0 

0.0 

•• 

.. 

(72) 

(128) 

(54) 

>18.6 

0.0 

0.8 

0.0 

— 

-- 

(58) 

(132) 

(77) 

d)  Maximal 

... 

(n=741) 

<18.6 

0.0 

0.0 

0.0 

— 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.6 

0.0 

.. 

(78) 

(179) 

(104) 

Reittive  riilc,  confidence  interval,  and  p-value  not  given  due  to  the  sparse  number  of  abnormalities. 
Note:  Miainui-l-ow:  >10-14.65  ppt;  Medium:  >14.65-45.75  ppq  High:  >45.75  ppt. 
Maximal-Low;  >5-9.01  ppq  Medium:  >9.01-333  ppt;  High:  >333  ppL 


TABLE  8-19.  (Continued) 
Analysis  of  Speech 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Esl  Relative 
Contrast  Risk  (95%  C.I.) 

p-Value 

Background 

783 

0.1 

All  Categories 

0.4  >i 

Unknown 

343 

0.0 

Unknown  vs.  Background  - 

0.999 

Low 

196 

0.5 

Low  vs.  Background  4.01  (0.25,64.40) 

0.720 

High 

187 

0.0 

High  vs.  Background 

0.999 

Total 

1,509 

Relative  risk  and  confidence  interval  not  given  due  to  the  absence  of  abnormalities. 
Note;  Background  (Comparisons):  Current  Dioxin  <10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands);  15  ppt  .<  Current  Dioxin  i33  J  ppt. 

High  (Ranch  Hands):  Cunent  Dioxin  >33J  ppt. 
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TABLE  8-20. 


Analysis  of  Neck  Range  of  Motion 


Ranch  Hands  ■ 

•  Log2  (Initial  Dioxin)  < 

•  Unadjusted 

Initial 

Percent 

Est.  Relative 

Assumption 

Dioxin 

n 

Abnormal 

Risk  (95%  C.I.)a  p-Value 

a)  Minimal 

Low 

130 

9.2 

1.04  (0.82,1.31)  0.748 

(n=521) 

Medium 

260 

11.2 

High 

131 

9.2 

b)  Maximal 

Low 

184 

14.1 

0.92  (0.78,1.10)  0.356 

(n=741) 

Medium 

371 

11.3 

High 

186 

8.6 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj.  Relative 

Covariaie 

Assumption 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

c)  Minimal 

1.24  (0.97,1.59)*** 

0.087***  INIT*RACE  (p=0.001) 

(n=519) 

IN1T*DIAB  (p=0.008) 

AGE  (p<0.001) 

d)  Maximal 

1.05  (0.87,1.27)*** 

0.597*** 

’  INrr*DIAB  (p=0.004) 

(n=739) 

AGE*RACE  (p=0.003) 

“Relacive  risk  for  a  twofold  mcrease  in  dioxin. 

••’Log2  (initial  dioxin)-by-covariate  interaction  (p<0,01):  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  opt, 

Maximal-Low:  25 -56,9  ppt;  .Medium:  >56.9-213  ppt;  High:  >218  ppt. 
rNTT:  Log2  (initial  dioxin). 


TABLE  8-20.  (Continued) 
Analysis  of  Neck  Range  of  Motion 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin 

Time  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^ 

p-Value 

e) 

Minimal 

O.llOb 

(n=521) 

<18.6 

8.3 

12.5 

1.9 

0.74  (0.47,1.18) 

0.207c 

(72) 

(128) 

(54) 

>18.6 

6.9 

12.1 

13.0 

1.14  (0.86,1.52) 

0..>59c 

(58) 

(132) 

(77) 

0 

Maximal 

0.024b 

(n=741) 

<18.6 

16.0 

11.0 

6.0 

0.71  (0.52,0.96) 

0.024c 

(106) 

(191) 

(83) 

>18.6 

11.5 

11.2 

11.5 

1.08  (0.86,1.34) 

0  516C 

(78) 

(179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Vaiue  Remarks 

g) 

Ivlinimal 

0.257b  AGE*RACE  (p=0.003) 

(n=521) 

<18.6 

1.06  (0.65,1.71) 

0.824C 

>18.6 

1.45  (1.07,1.96) 

0.017c 

h) 

Maximal 

0.026b  AGE*RACE  (p=0.004) 

(n=741) 

<18.6 

0.83  (0.59,1.16) 

0.270C 

>18.6 

1.30  (1.03,1.65) 

0.029c 

^Relative  risic  for  a  rwofold  increase  in  dioxin. 

h’est  of  significance  for  homogeneiry  of  relaiive  risks  (rarrent  dioxin  continuous,  time  categorized). 
“^Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  caiegonzed). 

Note:  Mmmai-I-ow:  >10-14,65  ppt;  .Medium;  >14.65-i5.75  ppt;  High:  >45.75  ppt. 

M.?7imai-Low:  >5-9.01  ppt:  .Medium;  >9.01-33.3  ppt:  High:  >33.3  ppt. 


S-75 


TABLE  8-20.  (Continued) 
Analysis  of  Neck  Range  of  Motion 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Percent 

Est.  Relative 

Category 

n 

Abnormal  Contrast 

Risk  (95%  C.I.) 

p-Value 

Background 

784 

11.7  All  Categories 

0.692 

Unknown 

343 

12.2  Unknov/n  vs.  Background 

1.05  (0.71,1.55) 

0.808 

Low 

196 

12.2  Low  vs.  Background 

1.05  (0.65,1.69) 

0.843 

High 

187 

9.1  High  vs.  Background 

0.75  (0.44,1.30) 

0.305 

Total 

1,510 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  .  .Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.) 

p-VaJue 

Remarks 

Background 

Unknown 

782 

All  Categories 

0.830** 

DXCAT*DIAB  (p=0.039) 
AGE  (p<0.001) 

342 

Unknown  vs.  Background  0.97  (0.63,1.47)**  0.867** 

RACE  (p=0.004) 

Low 

194 

Low  vs.  Background  1.11  (0.66,1.86)**  0.703** 

DIAB-INS  (p=0.025) 

High 

187 

High  vs.  Background  1.28  (0.71,2.32)**  0.413** 

Total 

1,505 

Categorized  current  dioxin-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  incervaj,  and 
p-vilue  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Background  (Comparisorrs):  Current  Dioxin  <10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^33.3  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 

DXCAT:  Categorized  current  dioxin. 


the  interaction,  the  adjusted  maximal  analysis  did  not  find  a  significant  association  (Table 
8-20  [d]:  p=0.597). 

Model!:  Ranch  Hands  -  Zj)g2  (Current  Dioxin)  and  Time 

The  unadjusted  current  dioxin  and  time  since  tour  analyses  of  range  of  motion  did  not 
find  a  significant  current  dioxin-by-time  interaction  under  the  minimal  assumption  (Table 
8-20  [e]:  p=0.110),  but  under  the  maximal  assumption,  the  interaction  was  significant  (Table 
8-20  [f];  p=0.024).  The  relative  risk  was  significantly  less  than  1  for  Ranch  Hands  in  the 
maxim^  cohort  witli  a  later  tour  (timc<  18.6;  Esl  RR=0.71,  p=0.024;  %  abnormal:  16.0%, 
11.0%,  and  6.0%  for  the  low,  medium,  and  high  current  dioxin  categories).  The  relative  risk 
was  more  than  1,  but  not  significant,  for  Ranch  Hands  in  the  maximal  cohort  with  an  early  tour 
(time>18.6:  Est.  RR=1.08,  p=0.516;  %  abnormal;  11.5%,  11.2%,  and  11.5%  for  the  low, 
medium,  and  high  current  ciioxin  categories). 

In  the  adjusted  minimal  analysis,  the  current  dioxin-by-time  interaction  remained 
nonsignificant  (Table  3-20  [gj;  p=0.257),  but  the  relative  risk  for  Ranch  Hands  with  an  early 
tour  became  significant  (time>18.6;  Adj.  RR=1.45,  p=0.017)  after  adjustment  for  the  age-by- 
racc  interaction.  The  interacnon  between  current  dioxin  and  time  remained  significant  in  the 
adjusted  maximal  analysis  (Table  3-20  [g]:  p=0.026),  but  the  significance  of  the  within  time 
strata  results  changed.  After  adjustment  for  the  agc-by-race  interaction,  the  relative  risk 
became  nonsignificant  for  Ranch  H^jids  with  a  later  tour  (time<18.6:  Adj.  RR=0.83, 
p=0J170),  and  it  became  significar.  y  more  than  1  for  Ranch  Hands  with  an  early  tour 
(time>18.6:  Adj.  RR=1.30,  p=0.029). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  range  of  motion  abnonnalities  did  not  differ  significantly  among  current 
dioxin  categories  in  the  unadjusted  analysis  (Table  8-20  [i]:  11.7%,  12.2%,  12.2%,  and  9.1% 
for  the  background,  unknown,  lov.',  and  high  current  dioxin  categories,  p=0.692).  The  adjusted 
analysis  found  a  significant  interaction  between  categorized  current  dioxin  and  diabetic  class 
(Table  8-20  [j]:  p=0.039).  Appendix  Table  G-1  presents  stratified  results  that  show  a 
marginally  significant  difference  among  the  percentages  of  abnormalities  within  the  diabetic 
stratum  (15.2%,  10.5%,  5.9%,  and  22.6%  for  the  background,  unknown,  low,  and  high  current 
dioxin  categories,  p=0.094).  However,  none  of  the  three  Ranch  Hand  versus  background 
contrasts  was  significant  (p>0.10  for  each  contrast).  The  overall  contrast  was  not  significant 
in  either  the  diabetically  impaired  stratum  (p=0.240)  or  in  the  normal  stratum  (p=0.631). 

After  excluding  the  interaction,  the  adjusted  analysis  was  not  significant  (Table  8-20  [j]: 
p>0.40  for  ail  contrasts). 

Cranial  Nerve  Index 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  of  the  cranial  nerve  index  were  not  significant 
under  both  the  minimal  (Table  8-21  [a]:  p=C.812)  and  maximal  (Table  8-21  [b]:  p=0.467) 
assumptions.  However,  after  adjustment  for  the  age-by-race  interaction,  the  relative  risk 
became  marginally  more  than  1  under  the  minimal  assumption  (Table  8-21  [c]:  Adj. 

RR=1.21,  p=0.090).  The  percentages  of  participants  in  the  minimal  cohon  with  an  abnormal 
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TABLE  8-21 


Analysis  of  Cranial  Nerve  Index 


Assumption 

Ranch  Hands  -  Log2  (Initial  Dioxin)  • 

Initial  Percent 

Dioxin  n  Abnormal 

■  Unadjusted 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

128 

12.5 

1.03  (0.83,1.26) 

0.812 

(n=513) 

Medium 

256 

15.2 

High 

129 

12.4 

b)  Maxima] 

Low 

183 

17.5 

0.95  (0.81,1.10) 

0.467 

(n=732) 

Mcoium 

367 

15.0 

High 

182 

11.5 

Ranch  Hands  •  Log2 

(Initial  Dioxin) 

-  Adjusted 

Adi.  Relative 

Covariate 

Assumption 

Risk  (95% 

C.I.)a 

p-Valuc 

Remarks 

c)  Minimal 

1.21  (0.97,1J0) 

0.090 

AGE*RACE  (p=0.010) 

(n=513) 

d)  Ma.ximal 

1.05  (0.89,1.23)** 

0.59 1** 

INIT*DIAE  (p=0.034) 

(n=730) 

AGE*RACE  (p=0.033) 

*Rel»uve  ruk  for  a  twofold  increase  in  dioiin. 

••Log2  (initial  dioxin)-by-cov3riite  interaction  (0.01<p<0.05);  adjusted  relative  risic.  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Minimal-- Low:  52-93  ppq  Medium;  >93-292  ppd  High;  >292  ppc 

Maximal-Low:  25-56.9  ppL  .Medium:  >56.9-218  ppi;  High;  >218  ppu 
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TABLE  8-21.  (Continued) 
Analysis  of  Cranial  Nerve  Index 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  AbnormaJ/(n) 
_ Current  Dioxin 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

Est.  Relative 

High  Ri.sk  (957o  C.I.)^  p-Value 

c)  Minima] 

O.I14b 

(n=5I3) 

£18.6 

10.0 

16.8 

3.8  0.76  (0.51,1.14)  0.1 86= 

(70) 

(125) 

(53) 

>18.6 

12.1 

16.0 

17.1  1.11  (0.86.1.43)  0.424C 

i58) 

(131) 

(76) 

f)  Maximal 

0.0210 

(n=732) 

il8.6 

20.0 

14.4 

7.4  0.74  (0.57.0.97)  0.027= 

(105) 

(187) 

(81) 

>18.6 

14.1 

15.6 

14.7  1.09  (0.89,1.32)  0.41 1= 

(78) 

(179) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adju-sted 

Time 

Adj.  R 

elativc 

Covariatc 

Assumption 

iYrs.) 

Risk  (95 

p-Valuc  Remarks 

g)  Minimal 

0.225t>  ACE'lUXCE  (p=0  0!2) 

(r.=513) 

<18.6 

1.00  (0.65.1.52) 

0.986= 

>18.6 

1.34  (l.C 

)2.1.74) 

0.033= 

h)  Maximal 

0.023^  AGE'RACE  (p=0,029) 

fn=732) 

<18.6 

0.84  (0.63.1.12) 

0.236= 

>18.6 

1.25  (1.02,1.54) 

0,0,"4C 

^Rcir'jve  risk  for  i  twofold  ;ncTffA3<!  'itostn, 

5st  of  Jigroncance  for  hornoiifroriry  of  r-ij-jve  rniij  fcunmi  dic*in  conunuciu,  nme  c«it^orutd), 
'"Trrr  cf  sicnfio-inc^  for  rcijuvi*  r:rk  rouil  fo  1  ic'Jtttdi  diotrn  cnnimuouj.  *jrue  cjte^onrrd). 

''Off:  ppt;  Mrdiom-  >14.65-15, '5  rpc  Hifth:  >45,75  py)l. 

Mj.3jniU--L-ow  >5-101  Tp;-.  ,^tc!i:'Jrr!:  >'1.01-j3J  pv’l  High:  >33.3  ppl. 
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TABLE  S-21.  (Continued) 
Analysis  of  Cranial  Nerve  Index 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Current 

Dioxin 

Percent 

Est  Reiaiive 

Category 

n 

Abnormal  Contrast 

Risk  (95%  C.I.) 

p-Value 

Baciegrourd 

773 

16.0  All  Categories 

0.338 

Unknown 

341 

14.7  Unknown  v$.  Background  0.90  (0.63,1.28) 

0.559 

Low 

194 

17.3  L  ow  v$.  Background  1.11  (0.73,1.69) 

0.617 

High 

183 

11.3  High  vs.  Background  0.68(0.41,1.11) 

0.123 

Total 

1.491 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Rbk  (95%  C.I.)  p-Value 

Remarks 

Background 

773 

All  Categories 

0.663 

ACE  fp<0.001) 

RACE  (p»0.063) 

Unknown 

341 

Unknown  vs.  Background 

0.84  (0.38,1.22)  0.356 

Low 

194 

Low  vs.  Background 

1.14  (0.73.1.77)  0.558 

High 

183 

High  vs.  Background 

0.98  (0.58,1.64)  0.931 

Total 

1.491 

Note:  Background  (Compurnoru):  Current  Dtojin  ^10  ppt. 

Unknown  tRanch  Hands):  Current  Dioain  ^lO  ppt. 

I^w  (Ranch  Hands):  15  ppt  <  Current  Diotin  <33,3  ppt. 
High  (Ranch  Hands):  Current  Dioam  >33.3  ppt. 
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cranial  nerve  index  were  12.5,  15.2,  and  12.4  percent  for  the  low,  medium,  and  high  initial 
dioxin  categories. 

The  initial  dioxin-by-diabetic  class  interaction  was  significant  in  the  adjusted  maximal 
analysis  (Table  8-21  [d];  p=0.034).  Stratified  results  parallel  the  findings  for  range  of 
motion.  Appendix  Tabic  G-1  shows  that  there  was  a  significant  increased  risk  of  cranial 
nerve  index  abnormalities  associated  with  initial  dioxin  for  diabetic  Ranch  Hands  (Adj. 
RR=1.69,  p=0.C09;  %  abnormal:  IU.0%,  12.2%,  and  22.6%  for  the  low,  medium,  and  high  initial 
dioxin  categories).  The  relative  risk  was  not  significant  for  both  di'’'jctically  impaired  (Adj. 
RR=0.89,  p=0.603)  and  normal  Ranch  Hands  (Adj.  RR=0.99,  p=0.9»6).  After  excluding  the 
interaction  the  adjusted  maximal  analysis  was  not  significant  (Table  8-21  [d]:  Adj.  RR=1.05, 
p=0.591). 

Model  2:  Ranch  Hands  -  Los2  (Current  Dioxin)  and  Time 

The  current  dioxin  and  time  since  tour  analyses  for  the  cranial  nerve  index  displayed 
findings  similar  to  the  corresponding  analyses  for  range  of  motion.  In  the  unadjusted 
analyses,  the  current  dioxin-by-dme  interaction  was  not  significant  under  the  minimal 
assumption  (Table  8-21  [e]:  p=0.114),  but  It  was  significant  under  the  maximal  assumption 
(Tabie  3-21  (f):  p=0.021).  There  was  a  significant  decreased  risk  of  cranial  nerve  index 
abnormalities  for  Ranch  Hands  in  the  maximal  cohon  with  a  later  tour  (time>18.6:  Est. 
RR=0.74,  p=O.027;  %  abnormal;  20.0%,  14.4%,  and  7.4%  for  the  low,  medium,  and  high  current 
dioxin  categories)  tiiat  contrasted  with  a  nonsignificant  increased  risk  for  Ranch  Hands  in  the 
maxknal  cohort  with  an  early  tour  (timeil8.6:  Est  RR=1.09,  p=0.411). 

After  adjusting  for  the  age-by-race  interaction,  the  relative  risk  became  significantly 
more  than  1  for  Ra.nch  Hands  in  the  minimal  cohort  with  an  early  tour  (Table  8-21  [g]:  Adj. 
RR=1.34,  p=0.033),  although  the  current  dioxin-by-time  interaction  remained  nonsignificant 
(p=0.225).  In  the  adjusted  maximal  analysis,  the  current  dioxin-by-rime  interaction  remained 
significant  (Table  8-21  [h]:  p=0.023).  As  in  the  adjusted  minimal  analysis,  the  adjusted 
maximal  analysis  found  a  relative  risk  significandy  more  than  1  for  Ranch  Hands  with  an  early 
tour  (time>18.6:  Adj.  RR=1.25.  p==0.034’).  After  adjustment,  the  relative  risk  became 
nonsignificant  for  Ranch  Hands  in  the  ma.ximal  cohon  with  a  later  tour  (time<18.6;  Adj. 
RR=0.84,  p=0,23'6). 


Model  3:  '‘.ich  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  cuircnf  dio.xin  analysis  did  not  find  a  significant  difference  in 
the  prevalence  of  cranial  ner/e  index  abnormalities  among  the  four  categories  (Tabie  8-21  [ij: 
16.0%,  14.7%,  17.5%,  and  1 1.5%  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories,  p^.338;.  The  overall  contrast  rer-ained  nonsignificant  (Table  8-21  [j]:  p^.665) 
after  adjustment  for  age  and  race. 

Cranial  Nerve  Index  Without  Range  of  Motion 
Model  I:  Ranch  Hands  ■  iJ}g2  (Initial  Dioxin) 

Under  both  the  m,ini.mal  and  maxurnai  assum.puons,  the  cranial  nerve  index  without  range 
of  motion  was  not  associated  significantly  with  initial  dioxin  (Table  8-22  [a-d];  p>0.65  for  all 
unadjusted  and  adjusted  analyses). 


TABLE  8-22. 


Analysis  of  Cranial  Nerve  Index  Without  Range  of  Motion 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Initial  Percent  Est  Relative 


Assumption 

Dioxin 

n 

Abnormal 

Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

128 

3.9 

1.05  (0.75,1.48) 

0.760 

(n=513) 

Medium 

256 

4.3 

High 

129 

5.4 

b)  Maximal 

Low 

183 

4.4 

1.06  (0.82,1.37) 

0.653 

(n=732) 

Medium 

367 

3.8 

High 

182 

5.0 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj,  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

p- Value  Remarks 

c)  Minimal 

1.04  (0.73,1.48) 

0.829 

AGE  (p=O.S26) 

(n=513) 

INS  (p=0.085) 

d)  Maximal 

1.05  (0.81,1.37) 

0.692 

AGE  (p=0.833) 

(n=732) 

^ReUuve  risk  for  a  cwofold  IncTi.a.';.';  m  dioxin. 

Now;  Minirn.il-Low:  52-93  ppt;  Medium;  >93-292  opt;  Hi^;  >292  ppL 

M.\xim3l-i.ow:  25-56,9  ppt;  .Mediurr  >56.9-213  ppt;  High:  >213  ppl. 
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TABLE  8-22.  (Continued) 

Analysis  of  Cranial  Nerve  Index  Without  Range  of  Motion 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin 

Tline  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^  p-Value 

c)  Minimal 

0.620b 

(n=513) 

£18,6 

2.9 

4.0 

3.8 

0.89  (0.46,1.72) 

0.725C 

(70) 

(125) 

(53) 

>18.6 

5.2 

4.6 

6.6 

1.08  (0.72,1.63) 

0.7 16‘'’ 

(58) 

(131) 

(76) 

f)  Maximal 

0.509b 

(n=732) 

<18.6 

4.8 

3.7 

2.5 

0.93  (0.59,1.46) 

0.750C 

(105) 

(187) 

(81) 

>18.6 

3.9 

5.0 

4.9 

1.12  (0.81,1.55) 

0.499<: 

(78) 

(179) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin) 

and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)3 

F 

)-Value  Remarks 

g)  Minimal 

0.612^  AGE  (p=0.978) 

(n=513) 

<18.6 

0.87  (0.44.1.71) 

0.687C  INS  (p=0.087) 

>18.6 

1.06  (0.69,1.63) 

0.783C 

h)  Maximal 

0.509b  age  (p=0.736) 

(n=732) 

<18.6 

0.92 

(0.58,1.4.1) 

0.7  IQC 

>18.6 

1.10  (0.79,1.54) 

0.562C 

^Relative  risk  for  a  twofold  mcrease  in  dioxin. 

^est  of  significancs  for  homogeneity'  of  relative  risks  (current  dioxin  continuous,  time  categorized), 
“"Test  of  significance  for  relative  risk  equaj  to  1  fcurrent  dioxin  continuous,  time  categorized). 

Note:  iHaimoi-Lo'#:  >10-14.65  ppt:  .Medium:  >14.65-45.75  ppq  High:  >45.75  ppt. 

■M aximal--Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  8-22.  (Continued) 

Analysis  of  Cranial  Nerve  Index  Without  Range  of  Motion 


0  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Catcj^ory 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

773 

5.1 

All  Categories 

0.320 

Unknown 

341 

2.9 

Unknown  vs.  Background 

0.57  (0.28,1.15) 

0.117 

Low 

194 

5.7 

Low  vs.  Background 

1.13  (0.57.2.25) 

0.725 

High 

183 

3.8 

High  vs.  Background 

0.75  (0.33,1.70) 

0.489 

Total 

1,491 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 

Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

773 

All  Categories 

0.277** 

UXCATflNS  (p=0.018) 
AGE  (p=0.018) 

Unknown 

341 

Unknown  vs.  Background 

0.53  (0.26.1.09)** 

0.084- 

Low 

194 

Low  vs.  Background 

1.09  (0.54,2.19)»* 

0.807** 

High 

183 

High  vs.  Background 

0.84  (0.36. 1.93)— 

0.674** 

Toial  1.491 


•"Cawgorized  cunent  dioxin-by-coviriate  interaction  (0.01<p<0.0J):  adjuited  relative  rislc.  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Background  (Comparisons);  Cu-Tent  Dioain  ^10  ppL 

Uiticnown  (Ranch  Hands):  Cunent  Dioxin  <10  ppt. 

Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  ^33.3  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 
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Model!:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  association  between  current  dioxin  and  the  cranial  nerve  index  without  ^ge  of 
motion  did  not  differ  significantly  between  time  since  tour  strata  under  both  the  minimal  and 
maximal  assumptions  (Table  8-22  [e-h];  p>0.50  for  each  unadjusted  and  adjusted  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  cranial  nerve  index  abnormalities,  excluding  range  of  motion 
abnormalities,  did  not  differ  significantly  among  current  dioxin  categories  in  the  unadjusted 
categorized  current  dioxin  analysis  (Table  8-22  [i]:  5.1%,  2.9%,  5.7%,  and  3.8%  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories,  p=0.320). 

The  adjusted  analysis  detected  a  significant  categorized  current  dioxin-by-insecticidc 
exposure  interaction  (Table  8-22  [j]:  p=0.018).  Stratified  results  showed  a  marginally 
significant  overall  contrast  for  participants  who  had  never  been  exposed  to  insecticides 
(Appendix  Table  G-1:  p=0.056).  The  percentages  of  abnormalities  were  2.7,  2.0,  9.8,  and  7.5 
percent  for  the  background,  unknown,  low,  and  high  current  dioxin  categories  in  this  stratum. 
Relative  to  the  background  category,  there  was  a  significant  increased  risk  of  an  abnormality 
for  Ranch  Hands  in  the  low  current  dioxin  category  (Adj.  RR=3.76.  95%  C.I.;  [1.20,11.76], 
p=0.023)  and  a  marginaJlv  significant  increased  risk  for  Ranch  Hands  in  the  high  current 
dioxin  category  (Adj.  RR=3.34,  95%  C.I.;  [0.98.11.34],  p=0.053).  The  overall  contrast  was 
not  significant  for  Ranch  Hands  who  had  been  exposed  to  insecticides  (p=0.113),  although 
the  adjusted  relative  risk  was  marginally  less  than  1  for  the  unknown  versus  background 
contrast  (Adj.  RR=0.46,  95%  CL;  [0.21,1.02],  p=0.056).  In  this  stramm,  the  prevalences  for 
the  background,  unknown,  low,  and  high  current  dioxi  categories  were  6.8,  3.3,  4.2,  and  2.3 
percent. 

After  excluding  the  interaction,  the  overall  contrast  was  not  significant  in  the  adjusted 
analysis  (Table  8-22  [j];  p=0.277),  although  there  was  a  marginally  significant  decreased 
risk  for  Ranch  Hands  in  the  unknown  category  relative  to  the  background  category  (Adj. 
RR=0.53,  95%  CL;  [0.26,1.09],  p=0,084). 

Pin  Prick 

M jdel  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  did  not  find  a  significant  association  with  pin  prick 
under  both  the  minimal  (Table  8-23  [a]:  p=0.941)  and  niaximal  (Table  8-23  [b];  p=0.632) 
assumptions.  Under  both  assumptions,  the  adjusted  analyses  detected  a  significant  initial 
dioxin-by-diabetic  class  interaction  (Table  8-23  [c]  and  [d];  p=0.032  in  the  minimal  analysis 
and  p=0.042  in  the  maximal  analysis).  Stratified  results  under  the  minimal  assumption 
showed  a  marginally  significant  increased  risk  of  pin  prick  abnormalities  for  diabetic  Ranch 
Hands  (Appendix  Table  G-1;  Adj.  RR=1.58,  p=0.069).  In  this  stratum,  the  percentages  of 
abnormalities  were  7.7,  6.9,  and  21.1  percent  for  the  low,  medium,  and  high  initial  dioxin 
categories.  The  relative  risk  was  less  than  1,  but  not  significant  in  both  the  diabetically 
impaired  (Adj.  RR=0.20,  p=0. 175)  and  norm-al  strata  (Adj.  RR=0.92,  p=0.682).  Stratified 
results  under  the  maximal  assumption  showed  that  initial  dioxin  was  marginally  associated 
with  a  decreased  risk  of  a  pin  prick  abnormality  for  diabetically  impaired  Ranch  Hands  (Adj. 
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TABLE  8-23. 


Analysis  of  Pin  Prick 


Assumption 

Ranch  Hands  -  Log2  {Initial  Dioxin)  -  Unadjusted 

Initial  Percent  Est  Relative 

Dioxin  n  Abnormal  Risk  (95%  C.I.)^ 

p-Value 

a)  Minimal 

Low 

128 

9.4 

1.01  (0.76,1.34) 

0.941 

(n=512) 

Medium 

255 

5.9 

High 

129 

62 

b)  Maximal 

Low 

183 

6.0 

1.05  (0.85,1.30) 

0.632 

(n=729) 

Medium 

363 

6.6 

High 

183 

7.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95% 

i  C.I.)a 

p-Value 

Remarks 

c)  Minimal 

1.07  (0.80,1.44)** 

0.633** 

INIT*DIAB  (p=0.032) 

(n=510) 

AGE*RACE  (p=0.036) 

d)  Maximal 

1.10  (0.89.1.37)** 

0.390** 

INrr*DIAE  (p=0.042) 

(n=727) 

AGE*RACE  (p=0.022) 

^Relative  risk  for  a  twofold  increase  in  dioxin. 

•*Log2  (initial  dioxin)-by-covariate  interaction  (0.01<pi0.05);  adjusted  relative  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  diis  interaction. 

Note:  Minimal-- Low:  52-93  ppt;  Medium;  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56,9  ppd  .Medium:  >56.9-213  ppt;  High:  >218  ppu 
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TABLE  8-23.  (Continued) 
Analysis  of  Pin  Prick 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin _ 

Time 

Esl  Relative 

Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a  p-Value 

c)  Minimal 

O.I23I’ 

(n=512) 

<18.6 

12.7 

6.4 

5.6 

0.80  (0.50,1.29)  0.363C 

(71) 

(125) 

(54) 

>18.6 

7.0 

3.9 

8.0 

1.28  (0.88,1.87)  0.194c 

(57) 

(130) 

(75) 

f)  Maximal 

0.971^ 

(n=729) 

<18.6 

3.8 

8.5 

6.2 

1.06  (0.77,1.45)  0.743c 

(105) 

(189) 

(81) 

>18.6 

7.7 

5.8 

6.9 

1.06  (0.80,1.42)  0.676C 

(78) 

(174) 

(102) 

Ranch  Hands  - 

Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

g)  Minimal 

0.184**b 

CURR*TIME*DRKYR  (p-0.019) 

(n=506) 

<18.6 

0.89  (0.55,1.46)** 

0.649**c 

AGE*RACE  (p=0.039) 

>18.6 

1.33  (0.91,1.95)** 

0.137**c 

h)  Maxima! 

0.970**b 

CU’RR*TIME*DRK"tTl  (p=O.029) 

(n=720) 

<18.6 

1.12  (0.80,1.57)** 

0.500*  *c 

AGE*RACE  (p=0.030) 

>18.6 

1.13  (0.84,1.52)** 

0.406**c 

*Relarive  riik  for  a  ;wofold  incrsase  in  dioxin. 

'Test  of  significance  for  homogeneity  of  relative  risSta  (current  dioxin  continuous,  time  categorized). 

“Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

••Log2  (current  dioxin)-by-time'byu:ovariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Minimal-Lov/:  >10-14.55  ppf,  .Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt:  .Medium;  >9.01-33.3  ppt;  High:  >33.3  ppt. 

CURR:  Log2  (current  dioxin). 

TIME:  Time  since  tour. 


TABLE  8-23.  (Continued) 
Analysis  of  Pin  Prick 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 

Current 

Dioxin  Percent  Est.  Relative 

Category  n  Abnormal  Contrast  Risk  (95%  CJ.)  p-Value 

Background 

T71 

5.8  .Ail  Categories 

0.925 

Unknown 

339 

5.3  Unknown  vs.  Background  0.90  (0.52,1  J9) 

0.727 

Low 

194 

5.2  Low  vs.  Background  0.88  (0.43,1.77) 

0.714 

High 

183 

6.6  High  vs.  Background  1.13  (0.59,2.19) 

0.712 

Total 

1,487 

j) 

Ranch 

Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  p-Value 

Remarks 

Background 

759 

All  Categories  0.878 

DIAB  (p=0.010) 

AGE»INS  (p=0.035) 

Unknown 

338 

Unknown  vs.  Background  0.97  (0.54,1.71)  0.902 

Low 

192 

Low  vs.  Background  0.84  (0.40,1.77)  0.643 

High 

183 

High  vs.  Background  1.22  (0.61,2.42)  0371 

Total 

1,482 

Note:  Backgrotmd  (Comparisons):  Current  Dioxin  ^10  ppL 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^33.3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 


RR=0.44,  p=0.093)  that  contrasted  with  nonsignificant  increased  risks  for  diabetic  (Adj. 
RR=1.40,  p=0.111)  and  normal  (Adj.  RR=1.06,  p=0.678)  Ranch  Hands. 

Under  both  assumptions,  the  adjusted  initial  dioxin  analyses  were  not  significant  after 
excluding  the  interaction  with  diabetic  class  (Table  8-23  [c]  and  [d]:  p=0.633  in  the  minimal 
analysis  and  p=0.390  in  the  maximal  analysis). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analyses  of  pin  prick,  the  interaction  between  current  dioxin  and  time 
since  tour  was  not  significant  under  both  the  minimal  (Table  8-23  [e]:  p=0.123)  and  maximal 
(Table  8-23  [fj:  p=0.971)  assumptions.  Under  both  assumptions,  the  adjusted  analyses 
detected  a  significant  current  dioxin-by-timc-by-Iifetime  alcohol  history  interaction  (Table 
8-23  [g]  and  [hj:  p=0.019  in  the  minimal  analysis  and  p=0.029  in  the  maximal  analysis). 
Lifetime  alcohol  history  was  dichotomized  to  explore  the  interaction.  Appe,,dix  Table  G-1 
shows  that  the  current  dioxin-by-time  interaction  was  significant  for  Ranch  Hands  in  the 
minimal  cohort  who  had  40  drink-years  or  less  fp^^O.OO).  In  this  stratum,  pin  prick  was 
associated  significantly  with  current  dioxin  for  Ranch  Hands  with  an  early  tour  (<40  drink- 
years,  time>18.6:  Adj.  RR=1.S1,  p=0.011;  %  abnormal:  2.6%,  4.3^,  and  10.7%  for  the  low, 
medium,  and  high  current  dioxin  categories;.  3y  contrast,  the  relative  risk  was  less  than  1, 
but  not  significant  for  Ranch  Hands  with  a  later  tour  (<40  drink-years,  time<18.6:  Adj. 
RR=0.73,  p=0.337).  The  current  dioxin-by-time  interaction  was  not  significant  for  Ranch 
Hands  in  the  minimal  cohon  who  had  more  than  40  drink-years  (p=0.108). 

Stratified  results  under  the  maximal  assumption  found  that  the  interaction  between 
current  dioxin  and  time  was  not  significant  for  Ranch  Hands  who  had  40  drink-years  or  less 
(p=0.203),  but  it  was  significant  for  Ranch  Hands  who  had  more  than  40  drink-years 
(p=0.022).  In  both  lifetime  alcohol  history  strata,  current  dioxin  was  marginally  associated 
with  pin  prick  for  Ranch  Hands  with  an  early  tour,  but  the  direction  of  the  results  differed.  The 
relative  risk  was  marginally  more  than  1  for  those  who  had  40  drink-years  or  less  (Adj. 
RR=1.39,  p=0.055;  %  abnormal;  6.3%,  4.1%,  and  9.2%  for  the  low,  medium,  and  high  current 
dioxin  categories),  while  it  was  marginally  less  than  1  for  those  who  had  more  than  40  drink- 
years  (Adj.  RR=0.42,  p=0.089:  %  abnormal:  15.4%,  10.0%,  and  0.0%  for  the  low,  medium,  and 
high  current  dioxin  categories).  For  Ranch  Hands  with  a  later  tour,  the  relative  risk  was  not 
significant  in  either  lifetime  alcohol  history  stratum. 


After  excluding  the  interaction  with  lifetime  alcohol  history,  the  adjusted  analyses  did 
not  find  a  signifiCiutt  ciment  dioxin-by-time  interaction  under  both  the  minimal  (Table  8-23 
[g];  p=0. 184)  and  maximal  (Table  8-23  [h]:  p=0.970)  assumptions. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
Both  the  unadjusted  and  adjusted  categorized  current  dic'tin  analvses  of  pin  prick  did 
not  find  a  significant  contrast  (Table  8-23  [i]  and  [j];  p>(  lor  all  contrasts). 
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Light  Touch 


Model  1:  Ranch  Hands  •  L022  Dioxin) 

The  unadjusted  initial  dioxin  analyses  did  not  find  a  significant  association  with  light 
touch  under  both  the  minimal  (Table  8-24  [a]:  p=0.928)  and  maximal  (Table  8-24  [b]: 
p=0.940)  assumptions.  The  adjusted  analyses  were  also  not  sigr.ificant  (Table  8-24  [c]  and 

[d] :  p=0.951  for  the  minimal  analysis  and  p=0.938  for  the  maximal  analysis). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  association  between  current  dioxin  and  light  touch 
differed  significantly  between  time  since  tour  strata  in  the  unadjusted  analysis  (Table  8-24 

[e] :  p=0.023),  although  the  association  was  not  significant  within  both  time  strata.  The 
relative  risk  was  more  than  1  for  Ranch  Hands  with  an  early  tour  (dme>18.6:  Est  RR=1.43, 
p=0.111)  and  it  was  less  than  1  for  Ranch  Hands  with  a  later  tour  (time<18.6:  Est.  RR=0.59, 
p=0.129).  The  current  dioxin-by-time  interaction  was  not  significant  under  the  maximal 
assumption  in  the  unadjusted  analysis  (Table  8-24  [f];  p=0.401). 

The  adjusted  analyses  supported  the  unadjusted  findings.  The  interaction  between 
current  dioxin  and  time  was  significant  under  the  minimal  assumption  (Tab.'e  8-24  [gj; 
p=0.048),  although  neither  within  time  stranim  result  was  significant  (time>18.6:  Adj. 
RR=l-39,  p=0.182;  timc<18.6:  Adj.  RR=0.62,  p=0.207).  Under  the  maximal  assum.ption,  the 
adjusted  analysis  did  not  find  a  significant  current  d'.oxin-by-timc  interaction  (Table  8-24  [hi: 
p=0.397). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  light  touch  abnormalities  did  not  differ  significantly  among  current 
dioxin  categotics  in  the  unadjusted  analysis  (Table  8-24  [ij:  p=0.994).  The  adjusted 
analysis  was  also  not  significa.nt  (Table  8-24  [j]:  p=0.989). 

Muscle  Status 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  initial  dioxin  analyses  of  muscle 
status  did  not  find  a  significant  association  (Table  8-25  [a-d]:  p>0.35  for  all  unadjusted  and 
adjusted  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Tnc  association  between  current  dioxin  and  muscle  status  did  not  differ  significantly 
between  time  since  tour  straa  in  the  unadjusted  analyses  (Table  8-25  [e]  and  [f]:  p=0.869 
for  the  minimal  analysis  and  p=0.629  for  the  maximal  analysis).  The  current  dioxin-bv-time 
interaction  remained  nonsignitlcant  after  covariate  adjustment  (Table  8-25  [g]  and  [h]; 
p— 0.710  for  the  minimal  analysis  a.nd  p=0.422  for  the  maximal  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Catspory 

Tne  unadjusted  catcgci:  hoxin  analysis  did  not  find  a  sig.nificant  difference  in 

the  prevalence  of  muscle  status  abnotir..iinnj.‘'»  uc’  '  ,  --nr  categories  (Table  8-^5  [’] 

p=0.974).  The  adjusted  analysis  detected  a  significant  ...a,.:curir.rrci!r-'nt  dioxin-by-diabetic 


■/, 
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TABLE  8-24. 


Analysis  of  Light  Touch 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Valuc 

a)  Minimal 

Low 

128 

6.3 

0.99  (0.69.1.40) 

0.928 

(n=512) 

Medium 

255 

3.9 

High 

129 

3.9 

b)  Maximal 

Low 

183 

4.4 

1.01  (0.78,1.30) 

0.940 

(n=729) 

Medium 

363 

4.7 

High 

183 

4.4 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  C.l.)^ _ p-Value _ Remarks 


c)  Minimal 

1.01  (0.69,1.50) 

0.951 

DIAB  (p=0.039) 

(n=504) 

AGE*RACE  (p=0.017) 
AGE*DRKYR  (p=0.043) 

d)  Maximal 

0.99  (0.75,1.30) 

0.938 

DIAB  (p=0.1I6) 

(n=727) 

AGE*RACE  (?=0.019) 

^Relative  risk  for  a  twofold  ir.criaso  in  dioxin. 

Note:  Minimal-Low:  52-93  opt;  Medium:  >93-292  ppq  H-gh:  >292  ppt 

.Ma.ximai-Low:  25-56.9  ppq  Medium:  >56.9-218  ppt;  High:  >218  pp'. 
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TABLE  8-24.  (Continued) 
Analysis  of  Light  Touch 


Ranch  Hands  -  Log^  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnorma]/(n) 
Current  Dioxin 


Assumption 

Time 

(Yrs.) 

Low  Medium 

Est.  Relative 

High  Risk  (95%  C.I.)a  p- Value 

e)  Minimal 
(n=512) 

<18.6 

>18.6 

8.5  4.8 

(71)  (125) 

3.5  :.i 

(57)  (130) 

0.023^ 

1.9  0.59  (0.30,1.17)  0.129C 

(54) 

5.3  1.43  (0.92,2.22)  0.111^ 

(75) 

f)  Maximal 
(n=729) 

<18.6 

>18.6 

2.9  6.4 

(105)  (189) 

5.1  4.0 

(78)  (174) 

0.40  lb 

2.5  0.89  (0.59,1.35)  0.583= 

(81) 

4.9  1.12  (0.80,1.56)  0.517= 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Aojusted 

Assumption 

Time 

(Yrs.) 

Adj.  Relative 
Risk  ^95^0  C.I.)a 

Covariate 

D-Value  Remarks 

g)  Minimal 
(n=504) 

<18.6 

>18.6 

0.62  (0.30,1.30) 
1.39  (0.86,2.24) 

0.048b  DIAB  (p=0.060) 

0.207=  AGE*RACE  (p=0.029) 

0.182=  AGE*DRKYR  (p=0.035) 

h)  Maximal 
(n=727) 

<18.6 

>18.6 

0.S5  (0.54,1.36) 
1.08  10.77,1.53) 

0.397b  DIAB  fp=0.135) 

0.504=  AGE*P,ACE  (p=0.020) 

0.648= 

^Relitive  risk  for  >  twofold  dicmse  ai  iioxtn. 

^ejt  of  sijniiicance  for  homo^me-.ry  of  reiauve  risks  fcurrmt  dioxin  continuous,  time  Ciiegorized). 
Test  of  siznificsnce  for  reUuve  nsk  equii  us  1  ^current  dioxin  contmuous,  time  catogonzcd). 

•^oie:  .Minimal-Low:  >!0-!4,65  ppt:  Medium:  >14.65—5.75  prpt;  High;  >45.75  ppt. 

Mi-XimsI-Low:  >5-9.0!  ppt:  .Medium:  >9.01-33.3  ppt;  High;  >33.3  pet. 
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TABLE  8-24.  (Continued) 
Analysis  of  Light  Touch 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Current 

Dioxin  Percent  Est  Relative 

Category  n  Abnormal  Contrast  Risk  (95%  C.I.) 

Unadjusted 

p-Value 

Background 

771 

4.3  All  Categories 

0.994 

Unknown 

339 

4,1  Unknown  vs.  Background  0.96(0^1,1.82) 

C.909 

Low 

194 

4.1  Low  vs.  Background  0.96  (0.44,2.12) 

0.923 

High 

183 

3.8  High  vs.  Background  0.89  (0.39,2.04) 

0.733 

Total 

1,487 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

•  .Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  p-Value 

Remarks 

Background 

769 

AU  Categories  0.989  AGE  (p=0.377) 

DIAB'INS  (p=0.044) 

Unknown 

338 

Unknown  vs.  Background  1.09  (0.57.2.09)  0.797 

Low 

192 

Low  vs.  Background  0.97  (0.42,2.27)  0.943 

High 

183 

High  vs.  Background  0.93  (0.39,2.22)  0.876 

Total 

1,482 

Note:  Background  (Comparisons):  Current  Dioxin  <10  ppt. 

Unknown  (Ranch  Hands);  Current  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  i33J  ppc 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 


TABLE  8-25. 


Analysis  of  Muscle  Status 


Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Unadjusted 

Initial 

Percent 

EsL  Relative 

Assumption 

Dioxin  n 

Abnormal 

Risk  (95%  C.I.)a  p-Value 

a)  Minimal 

Low  130 

0.8 

1.03  (0.61,1.71)  0.922 

(n=521) 

Medium  260 

2.3 

High  131 

2.3 

b)  Maximal 

Low  183 

1.1 

1.17  (0.79,1.72)  0.439 

(n=740) 

Medium  371 

1.9 

High  186 

1.6 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

f 

)- Value  Remarks 

c)  Minimal 

1.09  (0.65,1.83) 

0.747  AGE  (p=0.175) 

(n=519) 

DIAB  (p=0.126) 

d)  Maximal 

1.21  (0.80,1.83) 

0.381  AGE  (p=0.064) 

(n=729) 

DIAB*DRKYR 

(p=0.005) 

^Relative  risk  for  i  rwofold  increase  in  dioxin. 

Now:  Minimal-Low:  52-93  ppt;  .Medium:  >93-292  opt;  High:  >292  ppi. 

Maximal— Low:  25-56.9  ppr;  Medium:  >56.9-218  ppi;  High:  >218  ppt. 
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TABLE  8-25.  (Continued) 
Analysis  of  Muscle  Status 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  AbnonnaI/(n) 
Current  Dioxin 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

High 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.869b 

(n=521) 

<18.6 

0.0 

3.9 

1.9 

1.07  (0.51,2.25) 

0.859= 

(72) 

(128) 

(54) 

>18.6 

3.5 

0.0 

2.6 

0.98  (0.44,2.15) 

0.953= 

(58) 

(132) 

(77) 

f)  Maximal 

0.629b 

(n=740) 

<18.6 

1.0 

2,1 

2.4 

1.30  (0.75,2.25) 

0.348= 

(105) 

(191) 

(83) 

>18.6 

1.3 

1.1 

1.9 

1.07  (0.59,1.94) 

0.835= 

(78) 

(179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.710b 

AGE  (p=0.127) 

(n=519) 

<18.6 

1.28  (0.59;2.79) 

0.533= 

DIAB  (p=0.141) 

>18.6 

1.05  (0.48Z31) 

0.908= 

h)  Maximal 

0.422b 

AGE  (p=0.041) 

(n=729) 

<18.6 

1.55  (0.83;’.90) 

0.167= 

DIAB*DRKYR  (p=0.005) 

>18.6 

1.10  (0.59;2.03) 

0.766= 

*Re!auve  risk  for  a  twofold  increase  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 
^Test  of  significance  for  relative  risk  enuil  to  1  (current  dioxin  continuous,  time  categorize*  j. 

Note;  Minimal-Low:  >10-14.53  ont:  Mcdiutiu  >14,65-13.73  opt;  High:  >45.75  ppt. 

Mjiilllli.-- L^”"  ?5-9.01  ppt;  Medium:  >9.01-33J  ppt;  High;  >33.3  ppt. 
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TABLE  8-25.  (Continued) 
Analysis  of  Muscle  Status 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

[  Contrast 

Est  Relative 

Risk  (95%  C.L) 

p-Value 

Bacieground 

783 

2.2 

All  Categories 

0.974 

Unknown 

342 

1.8 

Unknown  vs.  Background 

0.80  (OJ  12.06) 

0.650 

Low 

19o 

2.0 

Low  vs.  Background 

0.94  (0.3U.22) 

0.910 

High 

187 

2.1 

High  vs.  Background 

0.98  (0232.96) 

0.^78 

Total 

U08 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 


Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p- Value 

Covariatfi 

Remarks 

Background 

779 

All  Categories 

0.045** 

DXCAT*DrAB  (p=0.019) 

Unknown 

338 

Unknown  vs.  Background 

0.77  (0.30,1.99)« 

0..586** 

AGE  (p«^.014) 
DIAB*DRXYR  (p=0.011) 

Low 

High 

Total 

’.92 

183 

1,492 

Low  vs.  Background 

High  vs.  Background 

C.92  (0.30,2.8 !)•• 
1.08  (0.34,3.45)** 

0.384** 

0.893** 

•"Categorized  airrent  dioain-by-covariate  interaction  (O.Clcp^O.OJ);  adjusted  relative  rist  confidence  intervaj.  and 
p-value  derived  from  a  model  fitted  after  deletion  of  ubia  interaction. 

Note;  Background  (Comparisons):  Current  Dioain  £l0  ppu 
Unknown  (Ranch  Hands):  Current  Diorin  ^10  ppt. 

Low  (Ranch  Hands);  13  ppt  <  Current  Diozin  ^33.3  ppL 
High  (Ranch  Hands);  Current  Diosin  >33J 
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class  interaction  (Table  8-25  [j]:  p=0.019).  Stratified  results  did  not  reveal  a  significant 
contrast  for  either  diabetic  (Appendix  Table  G-1:  p>0.30  for  all  contrasts)  or  normal 
participants  (p>0.20  for  all  contrasts).  The  percentages  of  muscle  status  abnormalities 
differed  significantly  among  categories  for  diabedcaily  impaired  participants  (0.0%,  6.4%, 
0.0%,  and  0.0%  for  the  background,  unknown,  low,  and  high  current  dioxin  categories, 
p=c0.022),  but  this  finding  was  affected  by  the  sparse  number  of  abnormalities  (three  in  the 
unknown  category  and  none  in  the  other  categories).  The  interaction  occurred  partly  because 
the  high  and  background  categories  contained  the  highest  percentage  of  abnormalities  in  the 
normal  strata,  the  unknown  category  had  the  most  abnormalities  in  the  impaired  strata,  and 
the  low  current  dioxin  category  had  the  highest  percentage  of  abnormalities  in  the  diabetic 
stratum. 

After  excluding  the  interaction,  the  adjusted  analysis  was  not  significant  (Table  8-25 
[j]:  p>0.55  for  all  contrasts). 

Vibration 

Model  1:  Ranch  Hands  •  Log2  Dioxin) 

Under  both  the  minimal  and  maximal  assumpnons  the  initial  dioxin  analyses  did  not  find 
a  significant  association  with  vibration  (Table  8-26  [a-d]:  p>0.60  for  all  unadjusted  and 
adjusted  analyses). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-time  since  tour  interaction  was  not  significant  in  the  analyses  of 
vibration  under  both  ,he  minimal  and  maximal  assumptions  (Table  8-26  [e-h]:  p>0.80  in 
each  unadjusted  ana  adjusted  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  Adbration  abnorrralities  did  not  differ  significantly  among  the  current 
dioxin  categories  in  the  unadjusted  analysis  (Table  8-26  [i]:  1.4%,  0.9%,  1.67o,  and  1.6%  for 
the  background,  unknown,  low,  and  high  current  dioxin  categories,  p=0.844).  The  overall 
contrast  remained  nonsignificant  after  covariatc  adjustment  (Table  8-26  [j]:  p=0.584). 

Patellar  Reflex 

Model  1;  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  of  the  patellar  reflex  were  not  significant  under 
both  the  minimal  (Table  8-27  [a];  p=0.661)  and  maximal  (Table  8-27  [bj:  p=0.304) 
assumptions.  The  adjusted  analyses  were  also  not  significant  (Table  8-27  [c]  and  [d]: 
p=0.686  for  the  minimal  analysis  and  p=0.182  for  the  maximal  analysis). 

Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  maximal  assumptions,  the  association  between  current 
doxin  and  patellar  reflex  did  not  differ  significantly  between  rime  since  tour  strata  (Table 
8-27  [c-h]:  p>0.50  in  each  analysis). 
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TABLE  8-26. 
Analysis  of  Vibration 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est-  Relativ" 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

128 

2.3 

0.87  (0.50,1.52) 

0.620 

(n=512) 

Medium 

255  ■ 

2.4 

High 

129 

0.8 

b)  Maximal 

Low 

183 

1.1 

1.07  (0.72,1.60) 

0.737 

(n=729) 

Medium 

363 

1.9 

High 

183 

1.6 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  C.I.)a 

p- Value  Remarks 

c)  Minimal 
(.-.=512) 

0.87  (0.48,1.59) 

0.644 

AGE*INS  (p=0.005) 

d)  Maximal 
(n=729) 

1.11  (0.73,1.70) 

0.619 

AGE*INS  (p=0.005) 

*ReUuve  rijk  for  a  twofold  increase  in  dioain. 

Note:  Minimal-- Low:  J2-93  ppc  Medium:  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56.9  ppt;  .Medium;  >56.9-218  ppt;  High;  >218  ppt. 
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TABLE  8-26.  (Continued) 
Analysis  of  Vibration 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  AbnormaI/(n) 

_ Current  Dioxin 

Tvax  Est.  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.847b 

(n=512) 

<18.6 

1.4 

1.6 

0.0 

0.87  (0.28,2.72) 

0.806C 

(71) 

(125) 

(54) 

>18.6 

5.3 

2.3 

1.3 

0.76  (0.38,1.53) 

0.438= 

(57) 

(130) 

(75) 

f)  Maximal 

0.S85b 

(n=729) 

<18.6 

1.0 

1.1 

1.2 

1.06  (0.49,2.30) 

0.879= 

(105) 

(189) 

(81) 

>18.6 

1.3 

2.9 

2.0 

0.99  (0.61,1.63) 

0.974= 

(78) 

(174) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time  Adj.  Relative  Covariate 

Assumption  (Yrs.)  Risk  (95%  C.I.)^ _ p-Value _ Remarks 


g) 

Minimal 

0.897b 

.AGE*INS  (p=0.004) 

(n=512) 

<18.6 

0.82 

(0.25Z71) 

0.751= 

>18.6 

0.75 

(0.36,1.59) 

0.457= 

h) 

Maximal 

0.9C0b 

AGE*INS  (p=0.006) 

(n=727) 

<18.6 

1.11 

(0.50,2.48) 

0.794= 

DIAB  (p=0.131) 

>18.6 

1.05 

(0.62,1.77) 

0.862= 

^Relative  risk  for  a  twofold  Lncreaso  in  dioxin. 

'’Test  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 
‘^Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Millin:al--Low:  >10-14.65  ppt;  .Medium;  >14,65-45.75  ppt;  High:  >45.75  ppt. 

Ma.ximal-Low:  >5-9.01  ppt;  Medium;  >9.01-33.3  ppt;  High;  >33-3  ppt. 
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TABLE  8-26.  (Continued) 
Analysis  of  Vibration 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Current 

Dioxin  Percent  Est  Relative 

Category  n  Abnormal  Contrast  Risk  (95%  CJ.) 

Unadjusted 

p- Value 

Background 

771 

1.4  All  Categories 

0.844 

Unknown 

339 

0.9  Unknown  vs.  Background  0.62  (0.17,2.22) 

0.460 

Low 

194 

1.6  Low  vs.  Background  1.09  (0.30,3.93) 

0.901 

High 

183 

1.6  High  vs.  Background  1.15(0.32,4.17) 

0.830 

"'"otal 

1,487 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  p-Value 

Remarks 

Background 

771 

All  Categories  0.584 

AGE*RACE  (p*0.017) 

Uniaown 

339 

Unknown  vs.  Background  0.63  (0.17,2.29)  0.478 

Low 

194 

Low  vs.  Background  1.21  (0.33,4.46)  0.774 

High 

183 

High  vs.  Background  1.99  (0.52,7.57)  0.312 

Total 

1,487 

Note;  Background  (Comparuons):  Current  Dioxin  :SlO  ppt. 
Urtoown  (Ranch  Hands):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Cunent  Dioxin  ^33.3  ppt. 
High  (R.'nch  Hands):  Current  Dioxin  >33.3  ppt. 
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TABLE  8-27, 


TABLE  8-27.  (Continued) 
Analysis  of  Patellar  Reflex 


Ranch  Han  Is  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnormal/(n) 


Assumption 


Time 

(Yrs.)  Low 


e)  Minimal 

(n=521)  <18.6 

>18.6 


0  Maximal 

(n=741)  <18.6 

>18.6 


0.9 

(106) 

1..3 

(78) 


Medium  Hish 


3.1 

(128) 

2.3 

(132) 


1.1 

(191) 

1.7 

(179) 


2.4 

(83) 

2.9 

(104) 


Est.  Relative 
Risk  (95%  C.pa 


1.16  (0.48,2.80) 
1.02  (0.54,1.93) 


1.27  (0.66,2.44) 
1.13  (0.69,1.86) 


p-Value 

0.820b 

0.740C 


0.786b 

0.470^ 

0.615C 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

g)  Minimal 
(n=519) 


h)  Maximal 
(n=739) 


Time  Adj.  Relative 

(Yrs.)  Risk  (95%  Cl.? 


<18.6  1.19  (0.49.2.93) 

>18.6  0.99  (0.52,1.91) 


<18.6  1.52  (0  75,3.11) 

>18.6  1.18  (0.72,1.96) 


p-Value 

0.738b 

0.7(X>: 

0.983= 

0.535b 

0.248= 

0.510= 


Covariate 
_ Remarks 

AGE  (p=0.718) 
DIAB  (p=0.099) 


AGE*DIAB  (p=0.014) 


*Rel*live  risk  for  t  rwofoM  increaM  in  dioxin. 

*7rest  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 
=Test  of  significance  for  relative  rsk  equal  lo  (current  dioxin  continuous,  time  categorized). 

Note:  Minimsl-Low:  >10-14.65  ppt;  Siedium:  >14.65-45.73  ppt;  High:  >45.75  ppt. 

■Maxinial-Low:  >5-9.0!  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33-3  pjpL 


TABLE  8-27.  (Continued) 
Analysis  of  Patellar  Reflex 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Catcjrory 

n 

Percent 

Abnormal 

Contrast 

Backgrouiid 

783 

1.2 

All  Categories 

Unknown 

343 

1.2 

Unkno'ATi  vs.  Background 

Low 

196 

2.0 

Low  vs.  Background 

High 

187 

2.7 

High  vs.  Background 

Total 

1409 

1.01  (0.3U.32)  0.981 

1.79  (0J5.5.88)  0.336 

2.36  (0.78.7.13)  0.127 


j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contra.st 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

783 

All  Categories 

0.343 

AGE  (p=0.241) 

RACE  (p=0.1' )) 

Unknown 

343 

Unknown  vs.  Background 

1.05  (0.324.45) 

0.935 

Low 

196 

Low  vs.  Background 

1.80  t0454.94) 

0.332 

High 

187 

High  vs.  Background 

2.75  (0.89,8.50) 

0.078 

Total 

1409 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppt 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Cuttoti  Dioxin  <33.3  ppt 
Hijh  (Ranch  Hands):  Current  Dioxin  ?33-3  ppl. 


Modtl  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  patellar  reflex  abnormalities  did  not  differ  significantly  :v,.-:ent 

dioxin  categories  in  the  unadjusted  analysis,  although  the  high  current  dioxi.i  category  had 
relatively  more  abnormalities  than  the  other  categories  (Table  8-27  [i]:  1.2''7o.  1.2%,  2.C%, 
and  2.7%  for  the  background,  unknown,  low,  and  high  current  dioxin  catego  [  j,  The 

overall  contrast  remained  nonsignificant  after  adjustment  for  age  and  nr...  (Tabir  'jj: 
p=0.343),  but  ±e  high  versus  background  contrast  became  marginally  sigidncant  (Adj. 
RR=2.75,  95%  C.I.:  [0.89.8.50],  p=0.078). 

Achilles  Reflex 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analyses,  initial  dioxin  was  not  significantly  associated  with  the 
Achilles  reflex  under  either  the  minimal  (Table  8-28  [a]:  p=0.718)  or  maximal  (Table  8-28 
[b]:  p=0.273)  assumption.  Adjusting  for  age,  race,  and  the  diabetic  class-by-lifetime  alcohol 
history  interaction,  the  association  remained  nonsignificant  under  both  assumptions  (Table 
8-28  [c]  and  [d]:  p=0.698  for  the  minimal  analysis  and  p=0.224  for  the  maximal  analysis). 
However,  because  of  the  association  between  dioxin  and  diabetes  (see  Chapter  15  for  a 
discussion  of  diabetes),  an  additional  model  was  examined  that  did  not  adjust  for  diabetic 
class.  Adjusting  for  age  and  race  only  (liferime  alcohol  history  stepped  out  of  the  model),  the 
relative  risk  was  marginally  more  than  1  under  the  maximal  assumption  (Appendix  Table 
G-2:  Adj.  RR=1.26,  p=0.063).  The  percentages  of  Ranch  Hands  in  the  ma.ximal  cohort  with 
an  abnormal  Achilles  reflex  were  2.7,  6.2,  and  5.4  percent  for  the  low,  medium,  and  high  initial 
dioxin  categories.  The  results  under  the  minimal  assumption  remained  nonsignificant  after 
excluding  diabetic  class  (p=0.771). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  association  between  current  dioxin  and  the  Achilles 
reflex  differed  significantly  between  time  since  tour  strata  in  the  unadjusted  analysis  (Table 
8-28  [ej:  p=0.049).  The  relative  risk  was  marginally  less  than  1  for  Ranch  Hands  in  the 
minimal  cohon  with  a  later  tour  (rimc<18.6;  Est.  RR=0.59,  p=0.098)  in  contrast  to  a 
nonsignificant  relative  risk  that  was  more  than  1  for  Ranch  Hands  in  the  minimal  cohort  with 
an  early  tour  (timc>18.6:  Est.  RR=1.17,  p=0.387).  The  current  dioxin-by-time  interaction 
was  not  significant  in  the  unadjusted  maximal  analysis,  nor  was  there  a  significant  relative 
risk  within  either  time  stratum. 

adjustment  for  age,  race,  and  the  diabetic  c!ass-by-lifctime  alcohol  history 
interaction,  we  interaction  between  current  dioxin  and  time  bec.ame  marginally  significant 
under  the  minirn^  assumption  (Table  8-28  [gj:  p=0.064),  with  neither  of  the  within  time 
stratum  results  significant  Adjusting  for  the  same  covariates,  the  current  dioxin-by-time 
interaction  was  not  significant  under  the  maximal  assumption,  although  the  relative  risk 
became  marginally  more  than  1  for  Ranch  Hands  with  an  early  tour  Ctime>18.6:  Adj. 

RR-1.33,  p=C.073).  Adjusting  for  age  and  race  onlv,  the  relative  risk  was  significantly  more 
than  ]  in  this  stratum  (Appendix  Table  G-2;  Adj.  RR=L42,  p=0.022). 


TABLE  8-28. 


Analysis  of  Achilles  Reflex 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

6.2 

0.95  (0.70,1.28) 

0.718 

(n=520) 

Medium 

259 

7.3 

High 

131 

3.8 

b)  Maximal 

Low 

183 

2.7 

1.14  (0.91,1.42) 

0.273 

(n=739) 

Medium 

370 

6.2 

High 

186 

5.4 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)2 

‘  p-Valuc  Remarks 

c)  Idinimal 

0.94  (0.68,1.29) 

0.698 

AGE  (p=0.033) 

(n=512) 

RACE  (p=0.049^ 

DIAB*DRKYR  (p=0.002) 

d)  Maximal 

1.17  (0.91,1.49) 

0.224 

AGE  (p=0.(X)2) 

(n=728) 

RACE  (p=0.052) 

DIAB*DRKYR  (p=0.C20) 

^Relative  risk  for  a  twofold  increase  in  dioxin. 

Note-  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56.9  ppt;  Medium:  >56,9-218  ppt;  High:  >218  ppt. 


TABLE  8-28.  (Continued) 
Analysis  of  Achilles  Reflex 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnorma]/(n) 

Current  Dioxin _ 

Tune  Esl  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

Hi^h 

Risk  {95%  C.I.)a 

p-Value 

e)  Minimal 

0.049b 

(n=520) 

<18.6 

5.6 

8.7 

0.0 

0.59  (0.51,1.10) 

0.098= 

(72) 

(127) 

(54) 

>18.6 

1.7 

8.3 

6.5 

1.17  (0.82,1.69) 

0.387= 

(58) 

(132) 

(77) 

0  Maximal 

0.305b 

(n=739) 

<18.6 

2.9 

6.8 

2.4 

0.97  (0.65,1.43) 

0.861= 

(105) 

(190) 

(83) 

>18.6 

3.9 

5.0 

7.7 

1.24  (0.93,1.66) 

0.143= 

(78) 

(179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Tune  Adj.  Relative  Covariate 

Assumption  (Yrs.) _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


g)  Minimal 

0.064b 

AGE  (p=0.039) 

(n=512) 

<18.6 

0.61  (0.33,1.15) 

0.126= 

RACE  (p=0.034) 

>18.6 

1.17  (0.79,1.74) 

0.425= 

DIAB*DRKYR  (p=0.002) 

h)  Maximal 

0.243b 

AGE  (p=0.001) 

(n=728) 

<18.6 

0.99  (0.65,1.50) 

0.950= 

RACE  (p=0.052) 

>18.6 

1.33  (0.97,1.81) 

0.073= 

DIAB*DRKYR  (p=0,020) 

*Reliuve  riik  for  i  fwofold  incieme  in  dioxin. 

of  sjgnificincs  for  homogeneiry  of  relieve  riikj  (rurrent  dioxin  continuous,  time  categorized). 
“Test  of  significance  for  relative  nsk  equal  to  1  fcurrenl  dioxin  contmuous,  lime  categorized). 

Note;  Minimai-t^w;  >10-14.65  ppt;  Medium:  >14.65-15.75  ppt;  High;  >45.75  ppu 
Ma.ximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 


TABLE  8-28.  (Continued) 
Analysis  of  Achilles  Reflex 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin  Percent  EsL  Relative 


Catezor 


Abnormal 


Contrast 


Risk  (95%  C.I.) 


Background  784  5.6  All  Categories  0.290 

Unknown  342  3.8  Unknown  vs.  Background  0.66  (0.35,1.25)  0.205 

Low  195  7.7  Low  vs.  Background  1.40  (0.76.2.57)  0.277 

High  187  5.4  High  vs.  Background  0.95  (0.47,1.92)  0.887 

Total  1,508 


•“Categorized  cunent  dioxin-by-covariaie  Lnterac’.ion  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note;  Background  (Comparisons):  Current  Dioxin  5IO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  5IO  ppL 
Low  (Ranch  Hands):  15  ppt  <  Currerit  Dioxin  ^3.3  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 
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Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  current  dioxin  analysis  of  the  Achilles  reflex  did  not  find  a 
significant  difference  in  the  prevalences  among  the  four  categories  (Table  8-28  [i]:  5.6%, 
3.8%,  7.7%,  and  5.4%  for  the  background,  unknown,  low,  and  high  ctirrcnt  dioxin  categories, 
p=0.290).  The  adjusted  analysis  detected  a  significant  interaction  between  categorized 
current  dioxin  and  race  (Table  8-28  [j]:  p=0.045).  Stratified  results  show  a  marginally 
significant  overall  contrast  for  Blacks  (Appe.idix  Table  G-1:  p=0.078),  but  this  finding  may¬ 
be  affected  by  sparse  data.  Only  two  Black  Ranch  Hands  (unknown  current  dioxin  category) 
and  three  Black  Comparisons  in  the  background  category  had  an  abnormal  Achilles  reflex. 
None  of  the  contrasts  was  significant  for  non-Blacks  (p>0.10  for  each  contrast).  After 
excluding  the  interaction,  the  overall  contrast  was  not  significant  in  the  adjusted  analysis 
(Table  8-28  [j]:  p=0.313). 

Biceps  Reflex 

Model  1:  Ranch  Hands  ■  Log2  (Initial  Dioxin) 

Under  the  minimal  assumption,  no  Ranch  Hands  had  an  abnormal  biceps  reilex..  One 
Ranch  Hand  had  an  abnormal  biceps  reflex  under  the  maximal  assumption.  Table  8-29  [b] 
shows  that  he  was  in  the  low  initial  dioxin  category.  No  analyses  were  done  due  to  sparse 
data. 


Model  2:  Ranch  Hands  -  Logg  (Current  Dioxin)  and  Time 

No  current  dioxin  and  time  since  tour  analyses  were  done  for  the  biceps  reflex  because 
there  was  only  one  Ranch  Hand  abnormality.  Table  8-29  [d]  shows  that  he  was  in  the  low 
current  dioxin  category  with  a  rime  since  tour  18.6  years  or  less. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  current  dioxin  analysis  found  that  10  Comparisons  in  the 
background  current  dioxin  category  had  an  abnormal  biceps  reflex  (1.3%)  versus  1  Ranch 
Hand  in  the  unknown  category  (0.6%).  Neither  the  overall  contrast  (Table  8-29  [e]:: 
p=0.135)  nor  the  unknown  versus  background  contrast  (p=0.482)  was  significant. 

Babinski  Reflex 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions  there  were  only  two  Ranch  Hands 
with  an  abnormal  Babinski  re.ficx.  For  each  cohon,  one  was  in  the  medium  initial  dioxin 
category  and  the  other  was  in  the  high  initial  dio.xin  category.  In  the  unadjusted  analyses, 
mirial  dioxin  was  not  associated  with  the  Babinski  reflex  under  both  assumptions  (Table 
8-30  [a]  and  [b].  p=0.552  under  the  minimal  assumption  and  p=0.285  under  the  maximal 
assumption).  No  adjusted  analyses  were  done  because  of  the  sparse  number  of 
abnormalities. 

Model  2:  Ranch  Hands  -  Lag2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-time  interaction  could  not  be  investigated  because  no  Ranch 
Hands  with  a  rime  since  tour  18.6  years  or  less  had  an  abnormal  Babinski  reflex.  The 
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TABLE  8-29. 


Analysis  of  Biceps  Reflex 


Ranch  Hands  -  Log^  (Initial  Dioxin)  -  Unadjusted 

Initial  Percent  Est.  Relative 

Assumption _ Dioxin _ n _ Abnormal  Risk  (95%  C.I.)  p-Value 


a)  Minimal 

Low 

130 

0.0 

(n=521) 

Medium 

260 

0.0 

High 

131 

0.0 

b)  Maximal 

Low 

184 

0.5 

(n=741) 

Medium 

371 

0.0 

High 

186 

0.0 

Relitive  risk,  confidence  intervil.  ind  p-vi]ue  not  given  due  U3  the  sparse  number  of  abnormalities. 
Norr.  Minimal--Lx)w:  52-93  ppq  Medium;  >93-292  ppt;  High;  >292  ppt. 

Maximal-Low:  23-56.9  ppt;  .Medium;  >56.9-218  ppt;  High:  >218  ppt. 


TABLE  8-29.  (Continued) 
Analysis  c*  Biceps  Refiex 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnonnal/(n) 
Cur^nt  Dioxin  _ 


Time 


EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.) 

p-Value 

c)  Minimal 

(n=521) 

<18.6 

0.0 

0.0 

0.0 

” 

— 

(72) 

(128) 

(54) 

>18.6 

0.0 

C.O 

0.0 

— 

-- 

(58) 

(132) 

(77) 

d)  Maximal 

(n=741) 

<18.6 

0.9 

0.0 

0.0 

" 

" 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.0 

0.0 

— 

-- 

(78) 

(179) 

(104) 

Relative  riiic,  confidence  intervaj,  and  fv-vjJue  not  given  due  to  the  rparse  number  of  abnormalities. 
Note;  Minimal— Low:  >10-14.65  ppt;  .Medium;  >14.65-43.75  ppt;  High:  >43.73  pp; 
Maximal-Low:  >3-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High;  >33J  ppt. 


! 

I 

I 

I 
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TABLE  8-29.  (Continued) 
Analysis  of  Biceps  Reflex 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Background 

784 

1.3 

All  Categories 

Unknown 

343 

0.6 

Unknown  vs.  Background 

Low 

196 

0.0 

Low  vs.  Background 

High 

187 

0.0 

High  vs.  Background 

Total 

1.510 

Esl  Relative 
Risk  (95%  C.I.) 


0.45  (0.10;2.08) 


p-Value 

0.135 


— :  Reiative  risk  ard  coafidence  interval  not  given  due  to  the  absence  of  abnormaJities. 
Note:  Background  (Comparisons):  Canent  Dioxin  ilO  ppt. 

Unknown  (Ranch  Hands);  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ppt. 

High  (Ranch  Hands);  Canent  Dioxin  >33J  ppt. 
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TABLE  8-30. 


Analysis  of  Babinski  Reflex 


Ranch  Hands  -  Log2  (Lnitial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.37  (0.51,3.73) 

0.552 

(n=52i) 

Medium 

260 

0.4 

High 

131 

0.8 

b)  Maximal 

Low 

1S4 

0.0 

1.62  (0.70,3.75) 

0.285 

(n=741) 

Medium 

371 

0.3 

High 

186 

0.5 

^Relative  risk  for  a  twofold  increase  in  diosin. 

Note:  Minimal— Low:  52-93  ppt;  Medium;  >93-292  ppt;  High;  >292  ppt. 

Maximal-Low;  25-56.9  ppt;  Medium;  >56.9-218  ppq  High;  >218  ppt. 
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TABLE  8*30.  (Continued) 
Analysis  of  Babinski  Reflex 


Ranch  Hands  -  Lcg2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnonna]/(n) 
_ Cinrent  Dioxin _ 


Assumption 

lime 

(Yrs.) 

Low 

Medium 

Hi?h 

EsL  Relative 

Risk  (95%  C.I.)a 

p-Value 

c)  Minimal 

„ 

(n=521) 

<18.6 

0.0 

0.0 

0.0 

— 

-- 

(72) 

(128) 

(54) 

>18.6 

1.7 

0.0 

1.3 

0.96  (0.20,4.72) 

0.964b 

(58) 

(132) 

(77) 

d)  Maximal 

(n=741) 

<18.6 

0.0 

0.0 

0.0 

.. 

-- 

(106) 

(191) 

(83) 

>18.6 

0.0 

0.6 

1.0 

1.24  (0.36,4.30) 

0.734b 

(78) 

(179) 

(104) 

*Rel»uve  risk  for  <  twofold  increase  in  dioxin. 

*^est  of  significance  for  relative  risk  equtl  to  1  (current  dioxin  continuous,  dme  categorued). 

— :  Relative  risk,  confidence  interval,  and  p-value  not  given  due  'o  the  sparse  number  of  abnormalities. 
Note;  Minimal— Low:  >10-14.65  ppt;  Medium;  >14.65-45.75  ppt;  High:  >45.75  ppt. 
Maximal-Low:  >5-9.01  ppt;  Medium:  >9.01-333  ppt;  High:  >333  ppt 


TABLE  8-30.  (Continued) 
Analysis  of  Babinski  Reflex 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

784 

0.3 

All  Categories 

0.641 

Unknown 

343 

0.6 

Unknown  vs.  Background 

2.29  (0.32,16.35) 

0.712 

Low 

196 

0.0 

Low  vs.  Background 

.. 

0.999 

High 

187 

0.5 

High  vs.  Background 

2.10  (0.19,23.31) 

0.948 

Total 

1,510 

Relziive  risk  ind  confidence  incervai  not  given  due  to  the  absence  of  ibnccmaJities. 
Note:  Background  (Compansons):  Current  Dioxin  ilO  ppc 

Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  i33J  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33d5  ppt. 
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association  between  current  dioxin  and  the  Babinski  reflex  was  not  significant  for  Ranch 
Hands  with  a  time  since  tour  more  than  18.6  years  under  both  the  minimal  (Table  8-30  [c]: 
p=0.964)  and  maximal  (Table  8-30  [d]:  p=0.734)  assumptions.  No  adjusted  analyses  were 
done  due  to  sparse  data. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Cat'sory 

The  overall  contrast  was  not  significant  in  the  unadjusted  categorized  current  dioxin 
analysis  of  the  Babinski  reflex  (Table  8-30  [e]:  p=0.641).  No  adjusted  analysis  was  done 
because  there  were  only  five  participants  with  an  abnormal  Babinski  reflex  (two  in  the 
background  category,  two  in  the  unknown  current  dioxin  category,  and  one  in  the  high  current 
dioxin  category). 

Tremor 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  initial  dioxin  was  not  associated 
significantly  with  tremor  (Table  8-31  [a-d]:  p>0.60  for  all  unadjusted  and  adjusted 
analyses). 

Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  current  dioxin  and  time  since  tour  analyses  of  tremor  did  not  find  a 
significant  interaction  between  current  dioxin  and  time  under  either  the  minimal  (Table  8-31 
(ej:  p=0.402)  or  maximal  (Table  8-31  [f]:  p=0.101)  assumption. 

The  currertt  dioxin-by-time  interaction  remained  nonsignificant  in  the  adjusted  minimal 
analysis  (Table  8-31  [g];  p=0.409),  but  the  adjusted  maximal  analysis  detected  a  significant 
interaction  among  current  dioxin,  time,  and  age  (Table  8-31  [h]:  p=0.044).  Age  was 
categorized  to  explore  the  interaction.  Stratified  results  revealed  a  significant  current  dioxin- 
by-time  interaction  for  older  Ranch  Hands,  those  bom  before  1942  (Appendix  Table  G-1: 
p=0.008).  The  within  time  stratum  findings  showed  that  there  was  a  significant  increased 
risk  of  tremor  associated  with  initial  dioxin  for  older  Ranch  Hands  with  a  later  tour 
(time518.6:  Adj.  RR=2.96,  p=0.005;  7o  abnormal:  0.0%,  0.9%,  and  11.5f"o  for  the  low,  medium, 
and  high  initial  dioxin  categories).  Tne  relative  risk  was  less  than  1,  but  not  significant  for 
older  Ranch  Hands  with  an  early  tour  (time>18.6;  Adj.  RR=0.70,  p=0.432).  For  younger 
Ranch  Hands,  those  bom  in  or  after  1942,  the  current  dioxin-by-rime  interaction  was  not 
significant  (p=0.954),  nor  were  either  of  the  within  time  stramm  results  significant  (p=0.670 
for  time<18.6  and  p=0.440  for  time>18.6). 

After  excluding  the  interaction,  the  current  dioxin-by-time  interaction  was  not 
significant  for  the  adjusted  ma.ximal  analysis  (Table  8-31  [h]:  p=0.102). 

Model  3:  Ranch  lianas  and  Comparisons  by  Current  Dioxin  Category 

The  prevalence  of  tremor  abnormalities  did  not  differ  significantly  amiong  current  dioxin 
categories  in  the  unadjusted  analysis,  althoush  the  high  category  had  the  highest  percentage 
of  abnormalities  (Table  8-31  [i]:  2.1%,  2.6%~2.0%,  and  3.77o  for  the  background,  unknown,'' 


TABLE  8-31 


Analysis  of  Tremor 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

ti 

Percent 

Abnormal 

Esl  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

2.3 

1.08  (0.69,1.67) 

0.744 

(n=521) 

Medium 

260 

2.3 

High 

131 

3.1 

b)  Maximal 

Low 

184 

2.7 

1.08  (0.78,1.50) 

0.643 

(n=741) 

Medium 

371 

1.9 

High 

186 

3.2 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relarivc  Covariate 

Assumption _ Risk  (95%  C.I.)** _ p-Value _ Remarks 


c)  Minimal 
(n=521) 

1.05  (0.66,1.66) 

0.850 

AGE  (p=0.598) 

d)  Maximal 
(n=741) 

1.08  (0.77,1.51) 

0.675 

AGE  (p=0.861) 

^Relative  risk  for  a  twofold  increase  in  dioain. 

Note:  Minimal— Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppc 

Maximal-Low:  25-56.9  ppq  Medium:  >56.9-218  ppq  High;  >218  ppt. 
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^Relative  risk  for  a  rwofold  increase  in  dioxin. 

*’Test  of  significance  for  homogeneicy  of  relative  risks  (current  dioxin  continuous,  time  categorized). 

‘^Test  of  significance  for  relstive  risk  equal  to  I  (carent  dioxin  continuous,  time  categorized). 

••Log2  (current  dioxm)-by-ii,me-by-a)vi.'iate  interaction  (0.01<p<0.05);  adjusted  relaave  risk,  confidence  mter/al,  and 
p-vaJue  derived  from  a  model  fined  ifnn  deletion  of  this  interaction. 

Note;  Mininal--Low;  >10-14.65  pot;  .Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 

,M3Ximal--Lo'*':  >5-9.01  ppi;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt- 
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TABLE  8*31.  (Continued) 
Analysis  of  Tremor 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est.  Rehtive 

Risk  (95«.  C.I.) 

p-Valuc 

Background 

784 

2.7 

All  Categories 

0.788 

Unknown 

343 

2.6 

Unknown  vs.  Background 

0.98  (0.44.2.16) 

0.958 

Low 

196 

2.0 

Low  vs.  Background 

0.76  (0.26.2.23) 

0.614 

High 

187 

3.7 

High  vs.  Background 

1  41  (0.593.37) 

0.436 

Total 

UlO 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Co  variate 

Category 

n 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

784 

All  Categories 

0.657 

AGE  0=0.089) 
INS  (p=0.126) 

Unknown 

343 

Unknown  vs.  Background 

0.90  (0.40,1.99) 

0.789 

Low 

196 

Low  vs.  Background 

0.71  (0.243.10) 

0.532 

High 

187 

High  vs.  Background 

1.51  (0.623.70) 

0.364 

Total 

UlO 

Note:  Background  (Comparisoni):  Cunmt  EHoain  ^10  ppc 
Unknown  (Ranch  Hinds):  Current  Dioim  slO  ppl. 

Low  (Ranch  Hands);  13  opt  <  Current  Dtotin  s33J  ppc 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 


low,  and  high  current  dioxin  categories,  p>0.40  for  each  contrast).  All  contrasts  remained 
nonsignificant  after  covariate  adjustment  (Tabic  8-31  [j]:  p>0.35  for  each  contrast). 

Coordination 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  initial  dioxin  analyses  of  coordination  did  not  detect  a  significant 
association  (Table  8-32  [a]  and  [b]:  p=0.414  under  the  minimal  assumption  and  p=0.178 
under  the  maximal  assumption),  although  the  percentages  of  abnormalities  increased  with 
initial  dioxin  (0.0%,  1.9%,  and  2.3%  for  the  low,  medium,  and  high  initial  dioxin  categories  of 
the  minimal  cohort;  0.5%,  1.1%,  and  2.2%  for  the  corresponding  categories  of  the  maximal 
cohort). 

The  relative  risk  remained  nonsignificant  after  adjustment  for  age  and  the  diabetic 
class-by-lifetime  alcohol  history  interaction  (Table  8-32  [c]  and  [d]:  p=0.296  under  the 
minimal  assumption  and  p=0.101  under  the  maximal  assumption).  However,  because  of  the 
association  between  dioxin  and  diabetes,  an  additional  model  was  examined  that  excluded 
the  diabetic  class-by-lifetime  alcohol  history  interaction  under  both  assumptions.  .Adjusting 
for  age  only,  initial  dioxin  was  marginally  associated  'vith  coordination  under  the  maximal 
assumption  (Table  G-2;  .Adj.  RR=1.49,  p=0.085),  but  the  association  remained  nonsignificant 
under  the  minimal  assumption  (Adj,  RR=1.41,  p=0.220). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  interaction  between  current  dioxin  and  time  since  tour  was  not  significant  in  the 
unadjusted  analyses  of  coordination  (Table  8-32  [e]  and  [f]:  pH3.312  under  the  minimal 
assumption  and  p=0.128  under  the  maximal  assumption).  The  relative  risk  was  marginally 
more  than  1  for  Ranch  Hands  in  the  maximal  cohort  with  a  later  tour  (time<18.6:  Est. 
RR=2.00,  p=0.051;  %  abnormal;  0.0%,  0.5%,  and  3.6%  for  the  low,  medium,  and  high  current 
dioxin  categories). 

Adjusting  for  age,  the  minimal  analysis  did  not  find  a  significant  current  dioxin-by-time 
interaction  (Table  8-32  [gj:  p=0.257),  although  the  relative  risk  was  marginally  more  than  1 
for  Ranch  Hands  with  a  later  tour  (timc>18.6:  Adj.  RR=2.14,  p^.071).  Under” the  maximal 
assumption,  adjusting  for  age  and  the  diabetic  class-by-lifetime  alcohol  history  interaction, 
the  current  dioxin-by-dme  interaction  was  marginally  significant  (Table  8-32  [h]:  p=0,086) 
and  the  relative  risk  was  significantly  more  than  1  for  R^ch  Hands  with  a  later  tour 
(time<18.6.  Adj.  RR=2.53,  p=0.0I9).  The  adjusted  relative  risk  was  more  than  1,  but  not 
significant  for  Ranch  Hands  in  the  maximal  cohort  with  an  early  tour  (time>18  6-  Adi 
RR=1.11,  p=0.75S).  •  •  J- 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
Tne  prevalence  of  coordination  abnormalities  differed  marginally  among  current  dioxin 
categories  in  the  unadjusted  analysis  (Tabic  8-32  [i]:  0.4%,  1.2%,  1.0%,  and  2.7%  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories,  p=0.056).  There  was  a 
significant  increased  risk  for  the  high  category  relative  to  the  background  category  (Est 
RR=7.14,  95%  C.I.;  [1.69,30. 16],  p=0.(X)7). 
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TABLE  8-32 


Analysis  of  Coordination 


Assumption 

Ranch  Hands  -  Log2  (Initial  Dioxin)  ■ 

Initial  Percent 

Dioxin  n  Abnormal 

'  Unadjusted 

Est-  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.25  (0.74;2.11) 

0.414 

(n=521) 

Medium 

260 

1.9 

High 

131 

2.3 

b)  Maximal 

Low 

183 

0.5 

1.35  (0.89,2.06) 

0.178 

fn=740) 

Medium 

371 

1.1 

High 

186 

2.2 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

•  Adjusted 

Adi.  Relative 

Covariate 

Assurantion 

Risk  (95% 

C.I.)3 

p-Value 

Remarks 

c)  Minimal 

1.35  (0.78,2.36) 

0.296 

AGE  (p=0.050) 

(n=513) 

DIAB*DRKYR  (p=0.046) 

d)  Maximal 

1.48  (0.94,2.32) 

0.101 

AGE  (p=0.041) 

(n=729) 

DIAB‘DRKYR  (p=0.047) 

•Relalive  risk  for  a  twofold  increase  in  dioxin. 

Note;  Minimal-Low:  52-93  ppt:  .Medium;  >93-292  ppr;  High:  >292  ppC 

Maximal-Low:  25-56.9  ppt;  .Medium:  >56.9-213  ppt;  High;  >218  ppL 
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TABLE  8-32.  (Continued) 
Analysis  of  Coordination 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnonna]/(n) 

_ Current  Dioxin 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.312b 

(n=521) 

<18.6 

0.0 

(72) 

1.6 

(128) 

3.7 

(54) 

1.69  (0.75,3.79) 

0.206C 

>18.6 

1.7 

(58) 

0.8 

(132) 

2.6 

(77) 

0.94  (0.42,2.11) 

0.885C 

0  Maximal 

0.128b 

(n=740) 

<18.6 

0.0 

(105) 

0.5 

(191) 

3.6 

(83) 

2.00  (1.00,4.03) 

0.05  ic 

>18.6 

1.3 

(78) 

l.I 

(179) 

1.9 

(104) 

0.99  (0.53,1.84) 

0.962C 

Ranch  Hands  -  Log2  (Current  Dioxii)  and  Time  -  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 
Risk  (95%  C.I.)a 

p-Value 

Covariaie 

Remarks 

g)  Minimal 
(n=521) 

<18.6 

>18.6 

2.14  (0.94,4.91) 

1.14  (0.52,2.51) 

0.257b 

0.07 1C 
0.748C 

AGE  (p=0.032) 

h)  Maximal 
(n=729) 

<18.6 

>18.6 

2.53  (1.16,5.48) 

1.11  (0.58Z11) 

0.086b 

0.0 19C 
0.758C 

AGE  (p=0.025) 
DIAB*DRKYR  (p=0.049) 

‘Relative  risk  for  a  twofold  increase  in  dioxin. 

'^est  of  significance  for  homogeneity  of  relaL've  risks  (oirrent  dioxin  continuous,  lime  categorized), 
'"Test  of  significance  for  relative  risk  equaj  to  1  (current  dioxin  continuous,  time  categorized) 

Note;  MimUHi-Low;  >10-14.65  ppt;  .Medium;  >14.65-15.75  ppl:  High;  >45.75  ppt. 
Muiraai-Low;  >5-9.01  ppt;  .Vledium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 


TABLE  8-32.  (Continued) 
Analysis  of  Coordination 


1)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Unadjusted 

Current 

Dioxin 

Percent 

Est  Relative 

Category 

n 

Abnormal 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Background 

783 

0.4 

All  Categories 

0.056 

Unknown 

342 

1.2 

Unknown  vs.  Background 

3.08  (0.68,13.82) 

0.143 

Low 

196 

1.0 

Low  vs.  Background 

2.68  (0.44,16.15) 

0.282 

High 

187 

2.7 

High  vs.  Background 

7.14  (1.6930.16) 

0.007 

Total 

U08 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.)  p-Value 

Remarks 

Backgrtxind 

781 

All  Categories 

0.006** 

DXCAfAGE  (p=0.049) 
RACE  (p=0.093) 

Unknown 

341 

Unknown  vs.  Background 

4.68  {0.8435.97)**  0.077«* 

DIABTNS  (p=0.038) 

Low 

194 

Low  vs.  Background 

3.39  (0.5338.40)^«  0.180** 

High 

187 

High  vs.  Background 

18.30  (3.26,102.7)»*  0.001** 

Total 

U03 

••Categorized  current  dioxin-by-covariate  interaction  (0.01<p<0.05);  adjuated  relative  risk,  confidence  intervaJ,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Background  (Comparisons):  Current  Dioxin  5IO  ppt. 

Unknown  (Ranch  Hands):  Cunent  Dioxm  <10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^3353  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppL 
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The  adjusted  analysis  detected  a  significant  categorized  current  dioxin-by-age 
interaction  (Table  8-32  [j]:  p=0.049).  Age  was  dichotomized  to  explore  the  interaction. 
There  was  a  significant  overall  difference  in  the  prevalences  of  coordination  abnormalities 
among  categories  for  older  Ranch  Hands,  those  bom  Ijefore  1942  (Appendix  Table  G-1: 

0.2%,  1.3%,  0.0%,  and  5.7%  for  the  background,  unkno  wn,  low,  and  high  current  dioxin 
categories,  p=0.003).  The  relative  risk  was  significantly  more  than  1  for  the  high  versus 
background  contrast  (Adj.  RR=32.71,  95%  CL:  [3.50,306.0],  p=0.(X)2).  No  contrasts  were 
significant  in  the  younger  Ranch  Hand  stratum,  but  the  background  category  had  the  fewest 
percentage  of  abnormalities  (0.3%,  0.9%,  2.5%,  and  0.9%  for  the  background,  unknown,  low, 
and  high  cur.ent  dioxin  categories,  p>0.10  for  each  ajntrast). 

After  excluding  the  interaction,  the  adjusted  analysis  displayed  a  significant  overall 
contrast  (Table  8-32  [j]:  p=0.006).  The  high  versus  background  contrast  was  significant 
(Adj.  RR=18.30,  95%  C.I.;  [3.26,102.7],  p=0.001)  and  the  unknown  versus  background 
contrast  was  marginally  significant  (Adj.  RR=4.68,  95%  C.I.;  [0.84,25.97],  p=0.077). 

Romberg  Sign 

\fodel  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  there  were  only  two  assayed  Ranch 
Hands  with  an  abnormal  Romberg  sign.  The  association  with  initial  dioxin  was  not  significant 
(Table  8-33  [a]  and  [b]:  p=0.871  in  the  unadjusted  minimal  analysis  and  p=0.479  in  the 
unadjusted  maximal  analysis).  No  adjusted  analyses  were  done  because  of  the  sparse 
number  of  abnormalities. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin  and  time  since  tour  analyse.^  of  Romberg  sign  could  not  investigate 
the  interaction  between  current  dioxin  and  time  because  no  Ranch  Hands  with  a  later  tour  had 
an  abnormal  Romberg  sign.  For  Ranch  Hands  with  an  early  tour,  the  association  between 
current  dioxin  and  Romberg  sign  was  not  significant  (Table  8-33  [c]  and  [d]:  p=0.921  for  the 
unadjusted  minimal  analysis  and  p=0.770  for  the  unadjusted  maximal  analysis).  No  adjusted 
analyses  were  done  due  to  sparse  data. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  overall  contrast  among  current  dioxin  categories  was  not  significant  in  the 
unadjusted  analysis  of  Romberg  sign  (Table  8-33  [ej:  p=0.1 17).  The  low  and  high  current 
dioxin  categories  each  had  one  abnormality;  there  were  no  abnormalities  in  the  background 
and  unknown  categories.  No  adjusted  analysis  was  done  because  of  the  sparse  number  of 
abnormalities. 

Gait 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Although  the  percentages  of  gait  abnormalities  increased  with  initial  dioxin,  the  relative 
risk  was  not  significant  in  the  unadjusted  analyses  under  both  the  minimal  (Table  8-34  [a]; 
Est.  RR=1.27,  p=0.236:  %  abnormal;  0.8%,  3.5%,  and  3.8%  for  the  low,  medium,  and  high 
initial  dioxin  categories)  and  maximal  (Tabic  8-34  [b]:  Est  RR=1.25,  p=0.154;  %  abnormal: 
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TABLE  8-33. 
Analysis  of  Romberg  Sign 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Esl  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.0 

1.10  (0J6,3.3O) 

0.871 

(n=521) 

Medium 

260 

0.4 

High 

131 

0.8 

b)  Maximal 

Low 

184 

0.0 

1.39  (0.58,3.34) 

0.479 

(n=741) 

Medium 

371 

0.3 

High 

186 

0.3 

*Rel»nve  risk  for  a  twofold  increase  in  dioxin. 

Note:  Minimal-Lxiw:  32-93  ppt;  .Medium;  >93-292  ppi;  High:  >292  ppL 

Maxinal-Low:  23-36.9  ppt;  Medium;  >36.9-218  ppt;  Hig.h;  >218  ppt. 
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TABLE  8-33.  (Continued) 
Analysis  of  Romberg  Sign 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnonnal/(n) 

Current  Dioxin _ 

Tune  Est.  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

c)  Minimal 

(n=521) 

<18.6 

0.0 

(72) 

0.0 

(128) 

0.0 

(54) 

•• 

•• 

d)  Maximal 

>18.6 

0.0 

(58) 

0.8 

(132) 

1.3 

(77) 

0.92  (0.18,4.70) 

0.92lb 

(n=741) 

£18.6 

0.0 

(106) 

0.0 

(191) 

0.0 

(83) 

— 

-- 

>18.6 

0.0 

(78) 

0.6 

(179) 

1.0 

(104) 

1.21  (0.34,4.24) 

0.77015 

*ReI«ive  risk  for  a  twofold  increase  in  dioxin. 

^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  con'in'ious.  tiine  ciiegortted). 

— :  Relative  risk,  confidence  iniervaJ,  and  p-valiie  not  given  due  to  the  sparse  numlw  of  abnormalities. 
Note:  Minimal-Low:  >10-14,63  ppt;  M^ium:  >14.63-45.75  ppt;  High:  >45.73  ppt. 

Maximal-Low:  >5-9.01  ppt;  Medium:  >9,01-33.3  ppt;  High:  >33.3  ppt. 


TABLE  8-33.  (Continued) 
Analysis  of  Romberg  Sign 


e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 
Current 


Dioxin 

Category 

Percent 
n  Abnormal 

Esl  Relative 
Contrast  Risk  (95%  C.I.) 

p-Value 

Background  783 

0.0 

All  Categories 

0.117 

Unknown 

343 

0.0 

Unknown  vs.  Background 

•• 

Low 

196 

0.5 

Low  vs.  Background 

0  400 

High 

187 

0.5 

High  vs.  Background 

0.386 

Total 

U09 

n 


— :  Relative  risk/confidence  interval/p-value  no(  given  due  lo  the  absence  of  abnormalities. 
Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppe 
Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ;^33J  ppt 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt 
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TABLE  8-34. 
Analysis  of  Gait 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Esl  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

0.8 

127  (0.87,1.87) 

0.236 

(n=521) 

Medium 

260 

3.5 

High 

131 

3.8 

b)  Maximal 

Low 

183 

1.6 

125  (0.93,1.69) 

0.154 

(n=740) 

Medium 

371 

2.7 

High 

186 

3.2 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariatc 

Remarks 

c)  Minimal 
(n«513) 

124  (0.82,1.87) 

0.323 

AGE  (p=0.514) 
DIAB  (p=0.051) 
DRKYR  (p=0.132) 
INS  (p=0.062) 

d)  Maximal 
(n=729) 

1.30  (0.94,1.80) 

0.123 

AGE  (p=0.696) 
DIAB  (p=0.042) 
DRKYR  (p=0.034) 

*Relauve  risk  for  a  twofold  mcrease  in  dioain. 

Note:  Miaimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

Miliaui-l-ow:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  ppt. 
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TABLE  8-34.  (Continued) 
Analysis  of  Gait 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Abnorma]/(n) 

Current  Dioxin _ 

Time  Est  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

Hi^h 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.880b 

(n=521) 

£18.6 

1.4 

1.6 

1.9 

1.18  (0.49,2.84) 

0.705C 

(72) 

(128) 

(54) 

>18.6 

1.7 

4.6 

5.2 

1.10  (0.69,1.73) 

0.692C 

(58) 

(132) 

(77) 

f)  Maximal 

0.824b 

(n=740) 

£18.6 

1.0 

1.6 

2.4 

1.08  (0.58,2.04) 

0.806C 

(105) 

(191) 

(83) 

>18.6 

1.3 

3.9 

4.8 

1.17  (0.82,1.68) 

0.382C 

(78) 

(179) 

(104) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=513) 

<18.6 

>18.6 

1.14  (0.47,2.75) 

1.07  (0.67,1.73) 

0.901  b 
0.768C 

0.77 1C 

AGE  (p=0.720) 

DIAB  (p=0.036) 
DRKYR  (p=0.137) 

INS  (p=0.053) 

h)  Maximal 
(n=729) 

£18.6 

>18.6 

1.21  (0.61,2.40) 

1.18  (0.81,1.73) 

0.949b 

0.577c 

0.379c 

AGE  (p=0.917) 

DIAB  (p=0.032) 
DRKYR  (p=0.037) 

^Relwive  risk  for  a  twofold  morease  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 
‘M'est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  lime  categorized). 

Note:  .Minimal -Low:  >10-14.65  ppt;  .Medium:  >14.65-15.75  ppt;  Higii:  >45.75  ppt. 
■MaAimaJ-Lo’*':  >5-9. 01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  B-34.  (Continued) 
Analysis  jf  Gait 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Current 

Dioxin 

Category 


Percent 

Abnormal 


Eat  Relative 
Risk  (95%  C.I.: 


Background 

783 

2.2 

All  Categories 

Unknown 

342 

2.6 

Unknown  vs.  Background 

1.22  (0.54.2.76) 

Low 

196 

3.1 

Low  vs.  Background 

1.42  (0J53.66) 

High 

187 

3.7 

High  vs.  Background 

1.75  (0.72,4.29) 

Total 

U08 

p-Value 

0.657 


j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 


Contrast 


Adj.  Relative 
Risk  (95%  Cl.) 


Background 

779 

All  Categories 

0.482- 

Unknown 

338 

Unknown  vs.  Background 

1.06  (0.45,2.50)»* 

0.889** 

Low 

192 

Low  vs.  Background 

1.50  (0.58J.88)** 

0.399** 

High 

133 

High  vs.  Background 

2.03  (O.SU.OS)** 

0.131** 

Total 

1,492 

Covariate 

_ Remarks _ 

DXCAT»DIAB  (p=0.047) 
AGE  (p=0.135) 


••Categorized  cuirent  dioxin-by-covariite  iiueraction  (0.01<ps,G.05):  adjusted  relative  risk,  confidence  interval,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  £l0  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  ^333  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 
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1.6%,  2.7%,  and  3.2%  for  the  low,  medium,  and  high  initial  dioxin  categories)  assumptions. 
The  adjusted  analyses  displayed  essentially  the  same  findings  as  the  unadjusted  analyses 
(Table  8-34  [c]  and  [d]:  Adj.  RR=1.24,  p=C.323  for  the  minimal  analysis  and  Adj.  RR=1.30, 
p=0.123  for  the  maximal  analysis). 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  maximal  assumptions,  the  interaction  between  current 
dioxin  and  time  since  tour  was  not  significant  in  the  analyses  of  gait  (Table  8-34  [e-h]: 
p>0.80  in  each  analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  categorized  current  dioxin  analysis  of  gait  did  not  find  a  significant 
overall  contrast  (Table  8-34  [i]:  p=0.657),  but  the  high  current  dioxin  category  had  the 
highest  percentage  of  abnormalities  (2.2%,  2.6%,  3.1%,  and  3.7%  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories).  Each  Ranch  Hand  versus  background 
contrast  was  also  not  significant  (p>0.20  for  each  contrast). 

The  adjusted  analysis  detected  a  significant  categorized  current  dioxin-by-diabetic 
class  interaction  (Table  8-34  [j];  p=0.047).  Stratified  results  showed  a  marginally  significant 
overall  contrast  among  categories  for  normal  participants  (Appendix  Table  G-1:  p=0.095; 
2.3%,  0.7%,  2.7%,  and  4.0%  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories),  although  none  of  the  Ranch  Hand  versus  background  contrasts  was  significant 
(p>0.10  for  each  contrast).  There  was  also  a  marginally  significant  overall  contrast  for 
diabetically  ’mpaired  individuals  (p=0.052),  but  the  only  abnormalities  were  in  the  unknown 
(8.5%,  n=47)  and  background  (1.9%,  n=10'0  categories;  the  unknown  versus  background 
contrast  was  marginally  significant  (Adj.  RR=5.27,  95%  C.I.:  [0.92,30.11],  p=0.062).  The 
overall  contrast  was  not  significant  for  diabetic  individuals  (p^.630),  but  the  percentages  of 
gait  abnormalities  increased  with  current  dioxin  (1.5%,  5.3%,  5.9%,  and  6.5%  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories).  None  n*  the  Ranch  Hand 
versus  background  contrasts  was  signiiicant  in  this  stratum  (p>0.25  ^or  each  contrast). 

After  excluding  the  interaction,  the  adjusted  analysis  did  not  reveal  any  significant 
findings  (Table  8-34  [jj:  p>0. 10  for  each  contrast). 

CNS  Index 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

In  the  unadjusted  analyses,  initial  dioxin  was  not  significantly  associated  with  the  CNS 
index  under  the  minimal  assumption  (Table  8-35  [aj;  p=0.171),  but  the  estimated  relative 
risk  was  marginally  more  than  1  under  the  maximal  assumption  (Table  8-35  [bj:  Est. 
RR=1.24,  p=0.064).  In  the  maximal  cohon,  the  percentages  of  CNS  abnormalities  were  3.8, 
4.6,  and  7.0  percent  for  tiie  low,  medium,  and  high  initial  dioxin  categories. 


Under  both  assumptions,  the  adjusted  analyses  detected  a  significant  initial  dioxin-by- 
age  interaction  (Table  8-35  [c]  and  [dj:  p~0.019  in  the  adjusted  minimal  analysis  and 
P=0.044  in  the  adjusted  maximal  analysis).  Age  was  categorized  to  explore  the  interactions. 
Both  analyses  found  a  significant  increased  risk  of  CNS  abnormalities  for  older  Rtuich  Hands. 


TABLE  8-35. 


Analysis  of  CNS  Index 


^Relative  risk  for  i  twofold  increase  in  dioxin. 

**^'0*2  (“’iU'il  dioxin)-by-covariite  interac'ion  (0.01<pi0.05);  adjusted  reiaiive  risk,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interact-on. 

Note:  Mininul-Low:  52-93  ppl;  Medium:  >93-292  ppt:  High:  >292  ppc 

.Maximal-Low:  25-56.9  opt;  .Medium:  >56.9-218  ppt;  High:  >218  ppt. 
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*Rel»tive  risk  for  t  rwofold  incie»s«  in  dioxin. 

of  significsnca  for  homogeneity  of  reUtive  risks  (airrent  dioxin  continuous,  time  cstegorized). 
‘T'est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  MiJ3imai-Lowt  >10-14.65  ppt;  .Medium:  >14.65-45.75  ppt;  High;  >45.75  ppL 
.Maxtmal-Low:  >5-9.01  ppt;  Medium:  >9.01-333  ppt;  High:  >33.3  ppt 


TABLE  8-35.  (Continued) 
Analysis  of  CNS  Index 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

783 

4.9 

All  Categories 

0.276 

Unknown 

242 

5.3 

Unknown  vs.  Background 

1.09  (0.61,1.94) 

0.771 

Low 

196 

4.6 

Low  vs.  Background 

0.94  (0.45,1.99) 

0.878 

High 

187 

8.6 

High  vs.  Background 

1.83  (1.00,3.37) 

0.050 

Total 

U08 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Adjusted 

Current 


Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

783 

All  Categories 

0.137** 

DXCAT-AGE  (p--0.018) 
RACE*INS  (p=0.023) 

Unknovm 

342 

Unknown  vs.  Background 

1.01  (0.56,1.81)** 

0.973** 

Low 

196 

Low  vs.  Background 

0.91  (0.43,1.92)** 

0.798** 

High 

187 

High  vs.  Background 

2.08  (1.1U.89)** 

0.023** 

Total 

1,508 

"Categorized  cunent  dioxin-by-coviriiie  interaction  (0.01<p<0.05):  adjusted  relative  risk,  confidence  intervaj,  and 
p-value  derived  frerr.  a  model  fittod  after  deletion  of  this  interaction. 

Note:  Background  (Comparisons):  Current  Dioxin  ilC  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  5IO  ppc 
Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33  J  ppt. 
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those  born  before  1942  (Appendix  Table  G-2:  Adj.  RR=.1.66.  p=0.010  in  the  minimal  analysis 
and  Adj.  RR=1.53,  p=0.009  in  the  maximal  analysis).  In  both  cohorts,  the  prevalence  of 
abnortnalities  increased  with  initial  dioxin  for  older  Ranch  Hands  (2.3%,  4.0%,  and  12,5%  for 
the  low,  medium,  and  high  initial  dioxin  categories  in  the  minimal  cohort;  1.1%,  3.3%,  and 
10.3%  for  the  corresponding  categories  in  the  maximal  cohon).  For  younger  Ranch  Hands, 
the  relative  risk  was  not  significant  (Adj.  RR=0.87,  p=0.523  in  the  minimal  cohort,  Adj. 
RR=1.00,  p=0.976  in  the  maximal  cohort). 

After  excluding  the  interaction,  the  adjusted  minimal  analysis  was  not  significant  (Table 
8-35  [c]:  p=0.145),  but  the  adjusted  maximal  analysis  display^  a  significant  increased  risk 
(Table  8-35  [d]:  Adj.  RR=1.26.  p=0.050). 

Model  2:  Ranch  Hands  ■  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  current  dioxin  and  time  since  tour  analyses  of  the  CN3  index  did  not  find 
a  significant  interaction  between  current  dioxin  and  time  (Table  8-35  [e]  and  [f]:  p=0.383 
under  the  minimal  assumption  and  p=0.256  under  the  maximal  assumption).  There  was  a 
marginally  significant  association  between  current  dioxin  and  the  CNS  index  for  Ranch  Hands 
with  a  later  tour  under  the  maximal  assumption  (time<18.6;  Est.  RR=1.44,  p=0.056;  % 
abnormal;  1.0%,  3.7%,  and  3.4%  for  the  low,  medium,  and  high  current  dioxin  categories). 
None  of  the  other  within  time  stratum  results  was  significant  in  the  unadjusted  analyses. 

The  adjusted  analyses  displayed  .similar  findings.  The  current  dioxin-by-time 
interaction  was  not  significant  under  either  assumption  (Table  8-35  [g]  and  [h]:  p=0.372 
under  the  minimal  assumption  and  p»0.165  under  tfjc  maximal  assumption).  Under  the 
maximal  assumption,  the  relative  risk  of  an  abnormal  CNS  index  was  significant  for  Ranch 
Hands  with  a  later  tour  (Adj.  RR=1.55,  p=0.029). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  overall  contrast  was  not  significant  in  the  unadjusted  categorized  current  dioxin 
analysis  of  the  CNS  index  (Table  8-35  [i]:  p=0.276),  although  there  were  relatively  more 
abnormalities  in  the  high  current  dioxin  category  than  in  the  background  category  (8.6% 
versus  4.9%;  Est.  RR=1.83,  95%  C.I.;  [1.00,3.37],  p=0.050).  The  percentages  of 
abnormalities  in  the  low  (4.6%)  and  unknown  (5.3%)  current  dioxin  categories  were  not 
significantly  different  from  the  background  percentage  (p>0.75  for  both  contrasts). 

The  adjusted  analysis  detected  a  significant  categorized  current  dioxin-by-age 
interaction  (Table  8-35  (jj:  p=0.018).  Stratified  results  showed  that  the  prevalence  of  CNS 
abnormalities  differed  significantly  among  current  dioxin  categories  for  older  participants 
(Appendix  Table  G-1:  5.9%,  5.3%,  1.7%,  and  12.9%  for  the  background,  unknown,  low,  and 
high  current  dioxin  categories,  p=0.017).  For  older  individuals,  the  relative  risk  was 
significantly  more  than  1  for  the  high  versus  background  contrast  (Adj.  RR=2.39,  95%  C.I.: 
[1.07,5.34],  p=0.034)  and  it  was  marginally  less  than  1  for  the  low  versus  background 
contrast  (Adj.  RR=0.27,  95%  C.I.;  [0.06,1.16],  p=0.079).  The  overall  contrast  was  not 
significant  for  younger  men  (p=0.401)  although  the  low  versus  background  relative  risk  was 
marginally  more  than  1  (Adj.  .RR=2.50,  95%  C.I.;  [0.93,6.72],  p=0.069).  In  this  stratum,  the 
prevalences  for  the  background,  unknown,  low,  and  high  current  dioxin  categories  were  3.4, 
5.1.  8.6,  and  6.0  percent.  The  interaction  occurred  panly  because  the  low  category  had  the 
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fewest  percentage  of  abnormalities  in  the  older  age  stratum,  but  it  had  the  highest  percentage 
of  abnormalities  in  the  younger  age  stratum. 

After  deleting  the  interaction,  the  adjusted  analysis  supponed  the  unadjusted  findings. 
The  overall  contrast  was  not  significant  (Table  8-35  [j]-‘  p=0.137),  but  the  high  current  dioxin 
category  had  a  significant  increased  risk  of  CNS  abnormaJities  (Adj.  RR=2.08,  95%  Cl.: 
[1.11,3.89],  p=0.023). 

Longitudinal  Analysis 
Physical  Examination  Variables 

The  neurological  assessment  conducted  longitudinal  analyses  for  the  cranial  nerve  index 
and  the  CNS  index.  These  analyses  only  included  participants  who  were  normal  at  the  1985 
examination  to  determine  whether  the  incidence  between  1985  and  1987  for  these  two 
variables  was  associated  with  dioxin.  The  longitudinal  analyses  investigated  the  change 
between  1985  and  1987  because  SCRF  conducted  both  of  these  neurological  examinations. 

Cranial  Nerve  Index 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  the  minimal  assumption,  the  longimdinal  analysis  found  that  initial  dioxin  was  not 
significantly  associated  with  the  percentage  of  Ranch  Hands  who  developed  a  cranial  nerve 
index  abnormality  between  the  1985  and  1987  examinations  (Table  8-36  [a]:  p=0.288). 
However,  under  the  maximal  assumption,  there  was  a  marginally  significant  decreased  risk 
(Table  8-36  [b]:  Est.  RR=s  0.83,  p=0.055).  The  percentages  of  Ranch  Hands  in  the  maximal- 
cohon  with  an  abnormal  index  in  1987  (based  on  those  who  were  normal  in  1985)  were  15.3, 
12.7,  and  7.3  percent  for  the  low,  medium,  and  high  initial  dioxin  categories. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  longitudinal  analysis  of  the  cranial  nerve  index  did 
not  detect  a  significant  current  dioxin-by-time  since  tour  interaction  (Table  8-36  [c]: 
p~0.756).  Thus,  the  association  with  current  dioxin  did  not  differ  between  time  strata. 

However,  under  the  maximal  assumption,  there  was  a  marginallv  significant  interaction 
between  current  dioxin  and  time  (Table  8-36  [d]:  p=0.086).  For  Ranch  Hands  in  the 
maximal  cohort  with  a  later  tour,  the  relative  risk  of  developing  a  cranial  nerve  index 
abnormality  between  1985  and  1987  was  significantly  less  than  1  (time<18.6:  Est.  RR=0.68, 

p=0.017;  %  abnormal:  19.8%,  1 1.7%,  and  6.6%  for  the  low,  medium,  and  high  current  dioxin 
categories). 


The  relative  risk  was  less  than  1,  but  not  significant  for  Ranch  Hands  in  the  ma.ximal 
cohon  with  an  early  tour  (timc>18.6:  Est.  RR=0.97,  p=0.816). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
Tne  percentage  of  pankipants  who  developed  a  cranial  nerve  index  abnormality 
between  the  1985  and  1987  examinations  did  not  differ  significantly  among  the  four  current 
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TABLE  8-36. 

Longitudinal  Analysis  of  Cranial  Nerve  Index 


Ranch  Hands  -  Log2  (Initial  Dioxin) 


Percent  Abnormal/Cn) 
Examination 


Assumption 

Initial 

Dioxin 

1982 

1985 

1987 

a)  Minimal 

Low 

51.8 

6.6 

12.4 

(114) 

(121) 

(121) 

Medium 

52.8 

7.2 

15.5 

(231) 

(251) 

(251) 

High 

58.3 

8.0 

12.8 

(115) 

(125) 

(125) 

_ Normal  inl935 

Percent 

Initial 

n  in 

Abnormal 

Esl  Relative 

Dioxin 

1987 

in  1987 

Risk  (95%  C.I.)a 

p-Valuc 

Low 

113 

10.6 

0.87  (0.67,1.13) 

0.288 

Medium 

233 

12.5 

High 

115 

7.8 

^Relative  risk  for  *  rwofold  increase  in  dioxin. 

Note:  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High;  >292  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  ui  reference  uj  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 
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TABLE  8-36.  (Continued) 
Longitudinal  Analysis  of  Cranial  Nerve  Index 


Ranch  Hands  -  Log2  (Initial  Dioxin) 


Inidal 


Percent  Abnorma]/(n) 
I _ Examination 


Assumption 

Dioxin 

1982 

1985 

1987 

b)  Maximal 

Low 

52.3 

12.8 

18.6 

(155) 

(172) 

(172) 

Medium 

52.5 

6.8 

15.2 

(326) 

(355) 

(355) 

High 

56.4 

7.3 

11.9 

(163) 

(177) 

(177) 

Normal  in  1935 


Initial 

Dioxin 

n  in 
1987 

.-Vi  1.  .. 

Percent 
Abnormal 
in  1987 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Valuc 

Low 

Hmnn 

0.83  (0.69,1.01) 

0.055 

Medium 

High 

HBIH 

*ReUtive  risk  fcr  i  twofold  increise  in  dioxin. 

Note:  Maximal-Low:  23-36.9  ppt;  .Medium:  >36.9-218  ppc  High;  >218  ppt. 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1983,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1983  and  1987  results. 
Sutistical  analyses  are  based  only  on  participants  who  were  normal  in  1983  (see  Chapter  4,  Statistical 
.Methods). 


TABLE  8-36.  (Continued) 
Longitudinal  Analysis  of  Cranial  Nerve  Index 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Peiccat  AbnormaI/(n) 


Assumption 


c)  Minimal 


(Yrs.) 

Examination 

Low 

Medium 

Hif,h 

<18.6 

1982 

54.7 

522 

52.2 

(64) 

(113) 

(46) 

1985 

7.6 

8.3 

0.0 

(66) 

(121) 

(50) 

1987 

10.6 

16.5 

4.0 

(66) 

(121) 

(50) 

>18.6 

1982 

49.0 

55.5 

58.0 

(49) 

(119) 

(69) 

1985 

5.4 

6.2 

13.3 

(56) 

(129) 

(75) 

1987 

12.5 

16.3 

17.3 

(56) 

(129) 

(75) 

Normal  in  1985: 
Percent  Abnonnal/(n)  in  1987 


Time 

(Yrs.) 


<18.6 


>18.6 


Est.  Relative 


Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

9.8 

(61) 

11.7 

(IH) 

4.0 

(50) 

0.77  (0.48,1.23) 

0.7566 

0.278C 

11.3 

(53) 

14.1 

(121) 

9.2 

(65) 

0.84  (0.60,1.19) 

0.338C 

*Rel»uve  risk  for  i  twofold  increaM  in  dioain. 

*Tejt  of  significance  for  homogeneity  of  relative  risks  (enrrent  dioxin  continuous,  dr.ie  categorized). 

^est  of  significance  for  relative  risk  equal  to  I  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14,65  ppt;  Medium:  >14.65-45.75  ppi;  High:  >45.75  opt 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participant  who  attended  the  Baseline. 
1985,  and  1937  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 
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TABLE  8-36.  (Continued) 
Longitudinal  Analysis  of  Cranial  Nerve  Index 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 


Percent  Abnormal/(n) 
_ Current  Dioxin 

Iiine 


Assumption 

(Yrs.)  Examination 

Low 

Medium 

High 

d)  Maximal 

<18.6  1982 

46.0 

54.4 

51.4 

(87) 

(169) 

(72) 

1985 

11.3 

7.9 

2.6 

(97) 

(177) 

(78) 

1987 

21.7 

14.7 

7.7 

(97) 

(177) 

(78) 

>18.6  1982 

56.1 

52.5 

59.8 

(66) 

(158) 

(92) 

1985 

14.5 

5.7 

11.0 

(76) 

(176) 

(100) 

1987 

14.5 

15.9 

15.0 

(76) 

(176) 

(100) 

Normal  in  1985: 

Percent  Abnonnal/(n)  in  1987 

_ 

Current  Dioxin _ 

Time 

Est. 

Relative 

(Yrs.)  low  Medium  Hi^h 

Risk  (95%  C.I.)a 

p-Value 

0.0866 

<18.6  19.8  11.7  6.6 

0.68  (0.50,0.93) 

0.017C 

(86)  (163)  (76) 

>18.6  7.7  14.5  7.9 

0.97  (0.75,1.25) 

0.816C 

(65)  (166)  (89) 

*Re!»dve  risk  for  i  twofold  increase  in  dioxin. 

'^est  of  significance  for  homogeneity  of  relative  tisks  (current  dioxin  continuous,  time  categorized), 

'^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Maximal-Low:  >5-'?, 01  ppt;  .Medium:  >9,01-33.3  ppt;  High:  >333  ppt. 

Summary  statistics  for  19S2  are  provided  for  leference  purposes  for  participants  who  attended  the  Baseline. 
1985.  snd  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 


TABLE  8*36.  (Continued) 
Longitudinal  Analysis  of  Cranial  Nerve  Index 


Current 

Dioxin 

Category 

e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Percent  AbnortnaV(n) 

_ Examination _ 

1982  1985  1987 

Background 

52.0 

9.0 

16.1 

(641) 

(733) 

(733) 

Unknown 

50.0 

10.6 

15.6 

(286) 

(320) 

(320) 

Low 

52.8 

7.4 

17.9 

(176) 

(190) 

(190) 

High 

56.1 

7.3 

11.8 

(164) 

(178) 

(178) 

Normal  in  1985 

Current 

Percent 

Dioxin 

n  in 

Abnormal 

Est.  Relative 

Category 

1987 

in  1987 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Background 

667 

12.7 

All  Categories 

0.125 

Unknown 

286 

13.3 

Unknown  vs.  Background 

1.05  (0.70,1.58) 

0.818 

Low 

176 

14.8 

Low  vs.  Background 

1.19  (0.74,1.91) 

0.479 

High 

165 

7.3 

High  vs.  Background 

0.54  (0.29,1.01) 

0.053 

Note:  Background  (Comparisons):  Current  Dioxin  ilO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  <33J  ppt. 

High  (Ranch  Hands);  Current  Dioxin  >33J  ppc 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1983,  and  1987  examinations.  P-vaiucs  given  are  in  reference  to  a  contrast  of  1983  and  1937  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1983  (see  Chapter  4,  Statistical 
Methods). 
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dioxin  categories  in  the  longitudinal  analysis  (Table  8-36  [e]:  12.7%,  13.3%,  14.8%,  and  7.3% 
for  the  background,  unknown,  low,  and  Mgh  current  dioxin  categories,  p=0.125).  However, 
the  relative  risk  of  developing  an  abnormal  cranial  nerve  index  for  the  high  versus  background 
contrast  was  marginally  less  than  1  (Est.  RR=0.54;  95%  C.I.;  [0.29,1.01],  p=0.053). 

CNS  Index 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  the  minimal  assumption,  the  longitudinal  analysis  of  the  CNS  index  did  not  find  a 
significant  risk  associated  with  initial  dioxin  (Table  8-37  [a]:  Est  RR=1.25,  p=0.207),  but 
the  relative  risk  was  marginally  significant  under  the  maximal  assumption  (Table  8-37  [b]: 
Est  RR=1.27,  p=0.087).  The  percentages  of  Ranch  Hands  in  the  ma:dmal  cohon  with  an 
abnormal  CNS  index  at  the  1987  examination  (based  on  those  who  were  normal  at  the  1985 
examination)  were  2.4,  3.5,  and  5.2  percent  for  the  low,  medium,  and  high  initial  dioxin 
categories. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin-by-rime  since  tour  interaction  was  not  significant  for  the  longitudinal 
analysis  of  the  CMS  index  under  either  the  minimal  or  the  maximal  assumption  (Table  8-37 
[c]  and  [d]:  p=0.654  and  p=0.409,  respectively).  However,  under  the  maximal  assumption, 
the  relative  risk  was  marginally  more  than  1  for  Ranch  Hands  with  a  later  tour  (time<18.6: 
Est.  RR=1.45,  p=0.080).  For  these  Ranch  Hands,  the  percentages  with  an  abnormal  CNS 
index  (based  on  those  who  were  normal  in  1985)  were  1.0,  2.9,  and  7.8  percent  for  the  low, 
medium,  and  high  current  dioxin  categories. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  longitudinal  analysis  did  not  find  a  significant  difference  in  the  percentages  of 
participants  with  an  abnormal  CNS  index  at  the  1987  examination  (based  on  those  who  were 
normal  in  1985)  among  the  current  dioxin  categories  (Table  8-37  [e]:  4.4%,  3.8%,  3.2%,  and 
6.8%  for  the  background,  unknown,  low,  and  high  current  dioxin  categories,  p=0.382).  The 
three  Ranch  Hand  versus  background  contrasts  were  also  not  significant  (p>0.15  for  each 
contrast). 

DISCUSSION 

Although  definitive  diagnosis  usually  requires  laboratory  testing  beyond  the  scope  of 
the  current  study,  the  data  analyzed  in  this  chapter  can  be  relied  upon  to  detect  the  presence, 
if  not  ±e  cause,  of  neurologic  disease,  including  disorders  of  the  peripheral  nervous  system. 

In  clinical  practice,  the  neurological  assessment  can  be  divided  into  examinations  of  the 
peripheral  and  the  cranial  nerves.  The  central,  cranial,  and  peripheral  nerve  variables 
examined  can  provide  specific  clues  in  the  anatomic  site  of  neurological  lesions  and  clarify  the 
need  for  additional  diagnostic  studies. 


As  indices  of  CNS  function,  tremor  and  coordination  arc  less  specific  and  more  subject 
to  individual  variation  in  the  absence  of  underlying  neurological  disease.  Tremor,  .^or  example, 
may  occur  as  a  benign  familial  trait,  may  be  refiectivc  of  alcohol  withdrawal,  or  may  be  a 
marker  of  extrapyramidal  motor  system  disease  as  in  Parkinson’s  syndrome.  The' Romberg 
sign  may  signal  a  lesion  in  the  cerebellum  but  is  more  often  indicative  of  impaired  position 
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TABLE  8-37. 

Longitudinal  Analysis  of  CNS  Index 


Ranch  Hands  -  Log2  (Initial  Dioxin) 


Percent  AbnoniiaI/(n) 
Examination 


Assumption 

Inidal 

Dioxin 

1982 

1985 

1987 

a)  Minimal 

Low 

30.6 

5.6 

3.2 

(121) 

(125) 

(125) 

Medium 

27.8 

3.5 

5.9 

(245) 

(255) 

(255) 

High 

24.0 

3.9 

7.8 

(121) 

(128) 

(128) 

Normal  in  1985 

Percent 

Inidal 

n  in 

Abnormal 

Est.  Reladve 

Dioxin 

1987 

in  1987 

Risk  (95%  C.I.)a 

p-Value 

Low 

118 

2.5 

1.25  (0.89,1.75) 

0.207 

Medium 

246 

4.1 

High 

123 

5.7 

*Relalive  risk  for  a  twofold  increase  in  dioain. 

Note:  Minimal-Low:  52-93  ppt;  Medium:  >93-292  ppc  High:  >292  ppu 

Summary  statistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  bared  only  on  panicipants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 
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TABLE  8-37.  (Continued) 
Longitudinal  Analysis  of  CNS  Index 


Assumption 


b)  Maximal 


Ranch  Hands  •  Log2  (Initial  Dioxin) 

Percent  Abnormal/(n) 


Initial 

Dioxin 

1982 

1985 

1987 

Low 

22.3 

2.9 

4.0 

(166) 

(175) 

(175) 

Medium 

28.1 

3.6 

4.7 

349) 

(361) 

(361) 

High 

25.7 

4.4 

7.1 

(171) 

(182) 

(182) 

Initial 

Dioxin 

Low 

Medium 

ffigh 


Percent 
Abnormal 
in  1987 


Est.  Relative 
Risk  (95%  C.I.)a 

1.27  (0.97,1.65) 


-Value 


0.087 


^Relative  risk  for  a  rwofold  increase  in  dioxin. 

Note:  Maximal-Low:  25-56.9  ppq  Medium:  >56.9-218  ppq  High:  >218  ppL 

Summary  5tatis’--s  for  1982  are  provided  for  .efercnce  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  based  only  on  participants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 
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TABLE  8-37.  (Continued) 
Longitudinal  Analysis  of  CNS  Index 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Percent  AbnormaI/(n) 

(Turrent  Dioxin 

Tme 

(Yrs.)  Examination  Low  Medium  High 

c)  Minimal 

^18.6 

1982 

23.9 

27.7 

20.4 

(67) 

(119) 

(49) 

1985 

5.9 

3.2 

3.9 

(681 

(125) 

(51) 

1987 

2.9 

4.8 

7.3 

(68) 

(125) 

(51) 

>18.6 

1982 

37.0 

27.6 

28.2 

(54) 

(127) 

(71) 

1985 

5.3 

3.1 

5.2 

(57) 

(130) 

(77) 

1987 

3.5 

6.2 

9.1 

(57) 

(130) 

(77) 

Normal  in  1985: 

Percent  Abnormal/(n)  in  1987 

_ Curreni  Dioxin 

Time 

Est.  Relative 

(Yrs.) 

Low 

Medium 

High 

Risk  (95% 

C.I.)a 

p-Value 

0.654b 

<18.6 

3.1 

4.1 

6.1 

1.39  (0.81,2.39) 

0.230C 

(64) 

(121) 

(49) 

>18.6 

0.0 

4.8 

5.5 

1.18  (0.75,1.87) 

0.473c 

(54) 

(126) 

(73) 

•Relative  risk  for  a  twofold  increase  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized). 

'Test  of  significance  for  relative  risk  equal  to  I  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14,65  ppt;  .Medium:  >14.65-15.75  ppt;  High:  >45.75  ppt. 

Summary  statistics  for  19S2  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline, 
1985,  and  1987  examinations.  P-vaiues  given  are  Lr  reference  to  a  contrast  of  1985  and  1987  results. 
Sutistica]  analyses  are  based  only  on  panicipajits  who  were  normal  in  1985  (see  Chapter  4.  Statistical 
.Methods). 


TABLE  8-37.  (Continued) 
Longitudinai  Analysis  of  CNS  Index 


Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 


Assumption 


d)  Maximal 


Time 

(Yrs.) _ Examination 

<18.6  1982 


>18.6 


Percent  Abnormal/(n) 
_ Current  Dioxin _ 


Low 

Medium 

High 

18.7 

25.7 

24.0 

(91) 

(179) 

(75) 

2.0 

4.4 

3.8 

(99) 

(183) 

(80) 

1.0 

3.8 

8.8 

(99) 

(183) 

(80)  ■ 

25.7 

30.4 

28.1 

(74) 

(171) 

(96) 

2.6 

4.0 

3.9 

(76) 

(177) 

(103) 

5.3 

5.1 

8.7 

(76) 

(177) 

(103) 

Normal  in  1985: 
Percent  Abnormal/(n)  in  1987 


Time 

(Yrs.) 


<18.6 


>18.6 


Low  Medium 


2.9 

(175) 


2.9 

(170) 


Est.  Relative 
Hieh  Risk  (95%  C.pa 


1.45  (0.96,2.21) 


1.15  (0.80,1.66) 


3-Valm. 

0.409b 

0.080C 


0.448= 


*Rel»tive  riak  for  i  twofold  mcraase  in  dioxin. 

^est  of  jignificance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categoiized). 

Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  lime  categorized). 

Note;  Maximal-Low:  >5-9.01  ppq  Medium;  >9.01-33.3  pot:  High;  >33.3  ppt. 

Summary  sutistics  for  1982  are  provided  for  reference  purposes  for  participants  who  attended  the  Baseline. 
1985,  and  1987  examinations.  P-values  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistical  analyses  are  based  only  on  par.icipants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 
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TABLE  8-37.  (Continued) 
Longitudinal  Analysis  of  CNS  Index 


Current 

Dioxin 

Category 

e)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Percent  AbnormaI/(n) 

_  _ Examination _ 

1982 

1985 

1987 

Background 

26.4 

3.1 

5.0 

(666) 

(748) 

(748) 

Unknown 

23.7 

3.4 

5.5 

(304) 

(327) 

(327) 

Low 

27.1 

3.6 

•  4.7 

(188) 

(193) 

(193) 

High 

26.3 

3.8 

8.7 

(171) 

(183) 

(183) 

Normal  in  1985 

Current 

Percent 

Dioxin 

n  in  Abnormal 

Est.  Relative 

Category 

1987  in  1987 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Background 

725  4.4 

All  Categories 

0.382 

Unknown 

316  5.8 

Unknown  vs.  Background 

0.85  (0.43,1.68) 

'':.649 

Low 

186  3.2 

Low  vs.  Background 

0.72  (0.30,1.75) 

0.472 

High 

176  6.8 

High  vs.  Background 

1.58  (0.80,3.14) 

0.187 

Note:  Bickground  (Comparisons);  Cun-ent  Dioxin  ^10  opt. 

Unknown  (Ranch  Hands);  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <333  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt 

Summary  statistics  for  1982  are  provided  for  refere.we  purposes  for  participants  who  mended  the  Baseline, 
1933,  and  1987  examinations.  P-vilues  given  are  in  reference  to  a  contrast  of  1985  and  1987  results. 
Statistital  analyses  are  based  only  on  participants  who  were  normal  in  1985  (see  Chapter  4,  Statistical 
Methods). 


8-146 


sense  in  the  lower  extremities  or  of  inner  ear  disease.  Finally,  the  mental  status  examination 
is  important  in  the  CNS  assessment.  Extensive  psychometric  studies  were  conducted,  as  in 
previous  examination  cycles,  and  are  reported  in  Chapter  9. 

Of  the  eight  historical  variables  analyzed,  only  the  ICD-9-CM  category  of  “other 
neurologic  disorders”  was  found  to  have  a  significant  positive  association  with  the  body 
burden  of  dioxin.  In  the  maximal  cohort,  a  statistically  significant  increase  in  the  diseases 
included  in  this  category  was  noted  in  association  with  the  extrapolated  irtitial  level  of  scrum 
dioxin.  Also,  for  Ranch  Hands  with  less  than  18.6  years  since  service  in  Vietnam,  there  was 
a  significant  association  with  current  levels  of  serum  dioxin.  These  positive  findings  were  no 
longer  present  after  adjustment  for  age  and  military  occupation.  There  was  no  apparent 
berease  b  the  historical  bcidence  of  peripheral  neuropathy  b  association  with  serum  dioxin 
levels  or  b  Ranch  Hand  participants  relative  to  Comparisons.  The  serum  dioxin  analyses  did 
not  find  a  significant  association  with  an  increased  risk  of  hereditary  and  degenerative 
diseases.  This  findbg  contrasted  with  the  results  from  the  previous  report  (36),  which  found 
bat  be  bcidence  of  hereditary  and  degenerative  diseases  differed  significantly  between  be 
Ranch  Hand  and  Comparison  groups  (5.3%  versus  3.5%). 

Related  to  be  extrapolated  initial  level  of  scrum  dioxin,  bere  were  no  significant 
associations  noted  b  any  of  be  directly  measured  physical  examination  variables.  Several 
bdices  (neck  range  of  motion  and  cranial  nerve  bdex)  were  found  to  have  statistically 
significant  but  bconsistent  associations  wib  be  current  level  of  scrum  dioxin  wibout 
evidence  for  a  dose-response  effect.  Participants  more  removed  from  beb  tour  of  duty  in 
Viemam  were  at  slightly  greater  risk.  Significant  differences  between  current  dioxin 
categories  were  not  noted  in  eiber  index. 

Of  be  neurological  disorden  considered,  only  peripheral  ncuropaby  has  been  clearly 
shown  to  be  associated  wib  TCDD  exposure  b  other  studies.  Of  be  eight  peripheral  motor 
and  sensory  bdices  examined,  no  significant  associations  were  found  with  be  bitial,  current 
scrum  dioxb  levels,  or  categorical  dioxb  levels. 

b  be  adjusted  analysis  of  the  current  scrum  dioxin,  participants  less  removed  from 
active  duty  b  Viemam  were  more  likely  to  show  abnormalities  in  coorbnation  and  in  be  CNS 
bdex  in  a  pattern  consistent  with  a  dose-response  effect.  Funher,  for  bob  indices,  Ranch 
Hat  h 3  wib  higher  levels  of  serum  dioxin  were  at  increased  risk  relative  to  Compari.sons. 
particularly  wib  respect  to  coordination  (Adj.  RR=18.30;  p=0.001).  In  be  longitudinal 
analysis  of  be  CNS  index  under  be  maximal  assumption,  bere  was  a  marginally  significant 
positive  association  'wib  initial  dioxin.  Ranch  Hands  wib  be  highest  levels  of  initial  dioxin 
had  a  higher  incidence  of  abnormalities  (5.2%)  ban  bose  in  be  medium  (3.5%)  or  low  (2.4%) 
initial  dioxin  categories.  Though  it  would  be  difficult  to  explain  besc  results  on  be  basis  of 
cause  and  effect,  bey  are  consistent  wib  those  described  in  be  1987  repon  and  will  be 
evaluated  in  future  examination  cycles. 

b  summary,  data  analyzed  in  bis  chapter  revealed  no  consistent  evidence  for  clinically 
significant  neurological  disease  associated  wib  the  current  body  burden  of  dioxin. 

Statistically  significant  associations  were  noted  but  not  in  patterns  consistent  with  a  dose- 
response  effect. 
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SUMMARY 

The  neurological  assessment  focused  on  extensive  physical  examination  data  for  cranial 
nerve  function,  peripheral  nerve  status,  and  CNS  coordination  processes.  Verified  histories 
of  neurological  diseases  were  also  examined.  Three  sets  of  analyses  were  performed  to 
assess  the  association  between  dioxin  and  the  neurological  variables.  Table  8-38 
summarizes  the  results  of  the  initial  dioxin  analyses.  Table  8-39  presents  the  results  of  the 
current  dioxin  and  time  since  tour  analyses,  and  Table  8-40  summarizes  the  categorized 
current  dioxin  analyses.  Table  8-41  lists  the  dioxin-by-covariate  interactions  found  in  the 
adjusted  analyses. 

Questionnaire  Variables 

Information  from  the  questionnaire  was  verified  and  grouped  into  eight  categories  of 
neurological  diseases:  inflammatory  diseases,  hereditary  and  degenerative  diseases, 
peripheral  disorders,  disorders  of  the  eye,  external  otitis,  tympanic  membrane  disorders, 
hearing  loss,  and  other  neurological  diseases. 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  initial  dioxin  was  not  significantly 
associated  with  inflammatory  diseases,  hereditary  and  degenerative  diseases,  peripheral 
disorders,  eye  disorders,  tympanic  membrane  disorder,  and  otitis.  There  was  a  marginally 
significant  increased  risk  of  hearing  loss  under  the  minimal  assumption  after  adjustment  for 
age,  but  the  relative  risk  was  not  significant  under  the  maximal  assumption. 

Under  both  assumptions,  initial  dioxin  was  associated  with  a  significant  increased  risk 
of  conditions  in  the  other  neurological  disorders  category  after  adjusting  for  age.  However, 
funher  investigation  indicated  that  this  was  related  to  a  significant  association  between 
occupation  and  other  neurological  disorders.  Independent  of  group  membenhip,  officers  had  a 
much  lower  incidence  of  other  neurological  disorders  than  cither  enlisted  flyers  or  enlisted 
groundcrew.  R.-mch  Hand  officers  also  had  the  lowest  levels  of  dioxin  in  general.  After 
adjusting  for  age  and  occupation,  the  association  between  initial  dioxin  and  other  neurological 
disorders  became  nonsignificant  under  both  assumptions. 

Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin  and  time  since  tour  analyses  were  generally  not  significant  for  the 
questionnaire  variables.  Under  the  maximal  assumption,  the  association  between  current 
dioxin  and  otitis  differed  significantly  benveen  time  strata,  but  this  was  due  to  a  significant 
decreased  risk  of  otitis  for  Ranch  Hands  with  a  later  tour.  Adjusting  for  age,  current  dioxin 
was  significantly  associated  with  other  neurological  disorders  in  both  time  strata  under  the 
maximal  assumption,  but  these  associations  became  nonsignificant  when  occupation  was 
included  in  the  model. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  categorized  current  dioxin  analyses  of  the  questionnaire  variables  displayed  few 
significant  results.  The  unadjusted  analyses  found  a  marginallv  signiticant  difference  in  the 
prevalence  of  hearing  loss  among  the  four  current  dioxin  categories,  with  a  siznificant 
decrc,ised  risk  in  the  high  category  relative  to  the  background  category.  Ranch  Hands  in  the 
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TABLE  8-38. 

Summary  of  Initial  Dioxin  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


I 


Unadjusted  Adjusted 


Variable 

Minimal 

Maximal 

Minimal 

Maximal 

Questionnaire 

Inflammatory  Diseases 
Hereditary  and  Degenerative 

NS 

NS 

— 

— 

Diseases 

ns 

ns 

ns 

ns 

Peripheral  Disorders 

NS 

NS 

NS 

NS 

Disorders  of  the  Eye 

NS 

NS 

NS 

NS 

Tympanic  Membrane  Disorder 

ns  . 

NS 

ns 

NS 

Otitis 

NS 

ns 

NS 

ns 

Hearing  Loss 

ns 

ns 

NS* 

NS 

Other  Neurological  Disorders 

NS 

-kO.001 

+0.037^ 

+<0.00ia 

Other  Neurological  Disorders 

Physical  Examination 

cr 

NSb 

Cranial  Nerve  Function 

Smell 

ns 

ns 

ns 

ns 

Visual  Fields 

.. 

.. 

.. 

•• 

Light  Reaction 

NS 

ns 

NS 

ns 

Ocular  Movement 

ns 

NS 

NS 

NS 

Facial  Sensation 

ns 

NS 

ns 

NS 

Smile 

NS 

NS 

NS 

NS 

Palpebral  Fissure 

NS 

NS 

NS 

NS 

Balance‘s 

NS 

NS 

«« 

Speech 

— 

— 

Neck  Range  of  Motion 

NS 

ns 

***  (NS*) 

***  (NS) 

Cranial  Nerve  Index 

Cranial  Nerve  Index  Without 

NS 

ns 

NS* 

**  (NS) 

Range  of  Motion 

NS 

NS 

NS 

NS 

E£Iip^gral  Nsrve  Stiirjs 

Pin  Prick 

NS 

NS 

**  (NS) 

**  (NS) 

Light  louch 

ns 

NS 

NS 

ns 

Muscle  Status 

NS 

NS 

NS 

NS 

Vibration 

ns 

NS 

ns 

NS 

Patellar  Reflex 

NS 

NS 

NS 

NS 

Achilles  Reflex 

ns 

NS 

ns 

NS 
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TABLE  8-38.  (Continued) 


Summary  of  Initial  Dioxin  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Variable 

Unadjusted 

Minimal  Maximal 

Adjusted 

Minimal  Maximal 

Ecrighcral.  Ngnc-,S.tani.s 
(ggnanucd) 

Achilles  Reflex<^ 

NS 

NS* 

Biceps  Reflex 

— 

— 

- 

— 

Babiiiski  Reflex 

NS 

NS 

— 

— 

Centra]  Nervous  Svstgm 
Coordination  Processes- 

Tremor 

NS 

NS 

NS 

NS 

Coordination 

NS 

NS 

NS 

NS 

Coordination^^ 

— 

NS 

NS* 

Romberg  Sign^ 

NS 

NS 

— 

— 

Gait 

NS 

NS 

NS 

NS 

CNS  Index 

NS 

NS* 

**  (NS) 

**  (+0.050) 

•Adjusted  for  sge, 

^Adjusted  for  age  and  ccciipaiion.  Appendix  Table  G-3  presents  a  detailed  description  of  these  analyses, 
balance  same  as  Romberg  iign. 

“^Adjusted  results  presented  for  model  without  diabetic  class.  Appendix  Table  G-2  presents  a  detailed  description  of  this 
analysis. 

+:  Relative  risk  1.00  or  greater. 

Analysis  not  applicable  or  not  performed  due  to  the  sparse  number  of  abnormalities. 

NS/ns:  Not  significant  (p>0.10). 

NS*/ns*;  Marginally  sigitificant  (0.05<p<0.10). 

••  (NS)/**  (ns):  Log2  (initial  dioxin)-by-covariate  interaction  (0.0!<p<0,05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendix  Table  G-l  for  a  detailed  description  of  this  interaction. 

••  (0.050):  Logj  (initial  dioxin)-by<ovariate  interaction  (O.Olcp^O.OS);  significant  (p=0.050)  when  interaction  is 
deleted:  refer  to  Appendix  Table  G-!  for  a  detailed  descnption  of  this  interaction. 

*••  (N5):  Log2  (inidal.dioxin)-by.covariate  interaction  (piO.Ol);  not  significant  when  interaction  is  deleted;  lefer  to 
Appendix  Table  G-I  for  a  detailed  description  of  this  interaction. 

••*  (NS*);  L^g2  (initial  dioxin)-by-covariale  interaction  (p<0.01);  marginally  significant  when  interaction  is  deleted; 

refer  to  Appendix  Table  G-l  for  a  detailed  description  of  this  interaction. 

Note;  P-value  given  if  p<0.05. 

A  canttal  “NS"  denotes  relative  risk  1.00  or  greater;  a  lowercase  “ns”  denotes  relative  risk  less  than  1.00. 
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TABLE  8-39. 

Summary  of  Current  Dioxin  and  Time  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


/ 


3 


Unadjusted 

Mniirail _  _ Maximal 


Variable 

C*T 

<18.6 

>18.6 

C*T 

<18.6  >18.6 

Questionnaire 


Inflammatory  Diseases 
Hereditary  and  Degenerative 

— 

— 

— 

— 

— 

" 

Diseases 

NS 

ns 

NS 

NS 

ns 

NS 

Peripheral  Disorders 

NS 

ns 

NS 

NS 

ns 

NS 

Disorders  of  the  Eye 
Tympanic  Membrane 

NS 

NS 

NS 

NS 

NS 

NS 

Disorder 

ns 

NS 

ns 

ns 

ns 

ns 

Otitis 

NS 

ns 

ns 

+0.032 

-0.012 

ns 

Hearing  Loss 

Other  Neurological 

NS 

ns 

ns 

ns 

ns 

ns* 

Disorders 

Physical  Examination 

ns 

NS 

NS 

ns 

+0.002 

NS 

Cranial  Nerve  Function 

Smell 

— 

ns 

— 

ns 

Visual  Fields 

«. 

Light  Reaction 

— 

ns 

— 

NS 

ns 

NS 

Ocular  Movement 

— 

.. 

ns 

.. 

ns 

Facial  Sensation 

NS 

— 

NS 

Smile 

— 

— 

NS* 

.. 

NS 

Palpebral  Fissure 

NS 

ns 

NS 

NS 

ns 

NS 

Balance^ 

— 

— 

ns 

NS 

Speech 

— 

— 

Neck  Range  of  Morion 

NS 

ns 

NS 

+0.024 

-0.024 

NS 

Cranial  .Nerve  Index 

Cranial  Nerve  Index 

Without  Range  of 

NS 

ns 

NS 

+0.021 

-0.027 

NS 

Motion 

NS 

ns 

NS 

NS 

ns 

NS 

Peripheral  Nerve  Stams 

Pin  Prick 

NS 

ns 

NS 

NS 

NS 

NS 

Light  Touch 

+0.023 

ns 

NS 

NS 

ns 

NS 

Muscle  Status 

ns 

NS 

ns 

ns 

NS 

NS 

Vibration 

ns 

ns 

ns 

ns 

NS 

n  s 

Patellar  Reflex 

ns 

NS 

NS 

ns 

NS 

NS 
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TABLE  8-39.  (Continued) 

Summary  of  Current  Dioxin  and  Time  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted 

Minimal _  _ Maximal 


Variable 

C*T 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Perioheral  Nerve  Status 
(conrinued'i 

Achilles  Reflex 

+0.049 

ns* 

NS 

NS 

ns 

NS 

Biceps  Reflex 

— 

— 

- 

— 

_ 

” 

Babinski  Reflex 

— 

— 

ns 

— 

— 

NS 

Central  Nervous  Svstem 

Coordination  Proce.sses 

Tremor 

ns 

NS 

ns 

ns 

NS 

ns 

Coordination 

ns 

NS 

ns 

ns 

NS* 

ns 

Romberg  Sign^ 

— 

— 

ns 

~ 

— 

NS 

Gait 

ns 

NS 

NS 

NS 

NS 

NS 

CNS  Index 

ns 

NS 

NS 

ns 

NS* 

NS 

*B«lince  5<ine  u  Romberg  sign. 

+:  C*T:  Relative  risk  for  ^18.6  category  leaa  that:  relative  risk  for  <18.6  category. 
il8,6;  Relative  risk  1.00  or  greater, 
si  8.6:  Relative  risk  less  than  1.00. 

— :  Analysis  not  performed  due  to  the  sparse  number  of  abnormalities. 

NS/ns:  Not  significant  (p>0.10). 

NS*/ns*;  Marginally  significant  (0.05<ps,0.10). 

Note:  P.value  given  if  p<0,05. 

C*T:  Logj  (cunent  dioxin)-by-time  interaction  hypothesis  test. 

il8.6:  Log2  (current  dioxin)  hypothesis  lest  for  Ranch  Hands  with  time  since  end  of  tour  of  18.6  years  or 
less. 

>18,6:  Log2  (current  dioxin)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  greater  than  18.6 
years. 

A  capital  “NS"  denotes  relative  risk  for  2,18,6  category  less  than  relative  risk  for  >18.6  category  or  relative 
ri'k  1.00  or  greater  a  lowercase  "ns"  denotes  relative  risk  for  <18.6  category  greater  than  relative  risk  for 
>18.6  category  or  relative  risk  less  than  1.00. 


TABLE  8-39.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Adjusted 

_ Minima] _  _ Ma;^imal _ 

Variable _ C*T  <18.6  >18.6  C*T  <18.6  >18.6 

Questionnaire 


Inflammatory  Diseases 
Hereditary  and  Degenerative 
Diseases 

Peripheral  Disorders 
Disorders  of  the  Eye 
Tympanic  Membrane  Disorder 
Otitis 

Hearing  Loss 

Other  Neurological  Disorders^ 
Other  Neurological  Disorders^ 

Physical  Examination 

Cranial  Nerve  Funcrion 
Smell 

Visual  Fields 
Light  Reaction 
Ocular  Movement 
Facial  Sensation 
Smile 

Palpebral  Fissure 
Balance^ 

Speech 

Neck  Range  of  Motion 
Cranial  Nerve  Index 
Cranial  Nerve  Index 
Without  Range  of 
Motion 

Peripheral  Nerve  Stams 
Pin  Prick 
T  iaht  Tmrr'h 

Muscle  Status 
Vibration 


NS 

ns 

NS 

NS 

ns 

NS 

NS 

NS 

NS 

ns 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

NS 

ns 

+0.041 

NS 

ns 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

+0.017 

NS 

NS 

+0.033 

NS 

ns 

NS 

**  (NS) 

**  (ns) 

**  (NS) 

+0.048 

ns 

NS 

ns 

NS 

NS 

ns 

ns 

ns 

NS 

NS 

NS 

NS 

ns 

NS 

NS 

NS 

NS 

ns 

NS 

ns 

+0.031 

-0.020 

NS 

ns 

NS 

NS 

ns* 

+<0.001 

+0.014 

ns 

NS 

ns 

NS 

ns 

NS 

+0.026 

ns 

+0.029 

+0.023 

ns 

+0.034 

NS 

ns 

NS 

**  (NS) 

**  (NS) 

**  (NS) 

NS 

ns 

NS 

ns 

NS 

NS 

ns 

NS 

NS 

TABLE  8-39.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Neurological  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Minimal 

Adjusted 

Maximal 

Variable 

C*T 

<18.6 

>18.6  C*T  <18.6  >18.6 

PeripheTal  Nerve  Status 
(continued) 


Patellar  Reflex 

ns 

NS 

ns 

ns 

NS 

NS 

Achilles  Reflex 

NS* 

ns 

NS 

NS 

ns 

NS* 

Biceps  Reflex 

— 

- 

- 

- 

~ 

— 

Babtnski  Reflex 

— 

— 

— 

-- 

Central  Ner/ous  System 
Coordination  Processes 

Tremor 

ns 

NS 

ns 

**  (ns) 

**  (NS) 

**  (ns) 

Coordination 

ns 

NS* 

NS 

ns* 

+0.019 

NS 

Romberg  Sign^ 

— 

— 

_ 

_ 

— 

— 

Gait 

ns 

NS 

NS 

ns 

NS 

NS 

CNS  Index 

ns 

NS 

NS 

ns 

+0.029 

NS 

*Bal«nce  jtme  u  Romberg  sign. 

^Adjusted  for  age. 

® Adjusted  for  age  and  occupation.  Appendix  Table  G-3  presents  a  detailed  description  of  these  analyses. 

+:  C*T:  Relative  risk  for  ^18. 6  category  less  than  relative  risk  for  >18.6  category. 

£18.6  or  >18.6:  Relative  risk  1.00  or  greater. 

£18.6;  Relative  risk  less  than  1.00. 

— :  Analysis  not  performed  due  to  the  sparse  number  of  abnormalities. 

NS/ns:  Not  significant  (p>0.10). 

NS*/ns*;  Marginally  significant  (0.05<p<0.10). 

••  (NS)/**  ^n3);  Log2  (current  dioxin)-by-time-by .covariate  interaction  (0.01<p£0.05):  not  significant  when 

interaction  is  deleted;  refer  to  Appendix  Table  G-1  for  a  detailed  description  of  this  interaction. 
Note:  P-value  given  if  p<0.05. 

C*T:  Logj  (current  dioxinl-by-ume  interaction  hypothesis  test, 

£18.6;  Logj  (current  dioxin)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  of  18.6  years  or 
less. 

>18.6;  Log2  (current)  hypothesis  lest  for  Ranch  Hands  with  time  since  end  of  tour  greater  than  18.6  years. 
A  capital  "NS"  denotes  rel.-ttive  risk  for  £18.6  category  leas  than  relative  risk  for  >18.6  category  or  relative 
risk  1.00  or  greater  a  lowercase  “ns"  denotes  relative  risk  for  <’8.6  category  greater  than  relative  risk  for 
>18.6  category  or  relative  risk  less  than  1.00. 


TABLE  8-40. 


TABLE  8-40.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses 
for  Neurological  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Unadjusted 

Unknown  Low 

versus  versus 

Background  Background 

High 

versus 

Background 

Peripheral  Nerve  Status 

Achilles  Reflex 

NS 

ns 

NS 

ns 

Biceps  Reflex 

NS 

ns 

ns 

ns 

Babinski  Reflex 

NS 

NS 

ns 

NS 

Central  Nervous  System 

Coordination  Processes 

Tremor 

NS 

ns 

ns 

NS 

Coordination 

NS* 

NS 

NS 

-hO.007 

Romberg  Sign^ 

NS 

« 

NS 

NS 

Gait 

NS 

NS 

NS 

NS 

CNS  Index 

NS 

NS 

ns 

+0.050 

I 


*Bt]«nce  sane  u  Romberg  lign. 

+;  Relitivfl  risk  1.00  or  gresier. 

•;  Reltdve  risk  less  than  1.00. 

— :  Anilysis  not  performed  due  to  the  absence  of  abnormalities. 

NS/ns;  Not  significant  (p>0.10). 

NS*/ns*;  Marginally  significant  (0.05<p<0.10). 

Note:  P-value  given  if  p^O.OS. 

A  capiul  "NS"  denotes  relative  risk  1.00  or  greater;  a  lowercase  “ns”  denotes  relative  risk  less  than  1.00;  a 
capital  “NS"  in  the  first  column  does  not  imply  directionality. 
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TABLE  8-40.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses 
for  Neurological  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Unknown 

versus 

Background 

Adjusted 

Low 

versus 

Background 

High 

versus 

Background 

Questionnaire 

Inflammatory  Diseases 

Hereditary  and  Degenerative 
Diseases 

NS 

NS 

ns 

ns 

Peripheral  Disorders 

NS 

ns 

ns 

NS 

Disorders  of  the  Eye 

NS 

NS 

NS 

NS 

Tympanic  Membrane  Disorder 

NS 

ns 

NS 

NS 

Otitis 

NS 

NS 

NS 

ns 

Hearing  Loss 

NS 

ns 

ns 

ns 

Other  Neurological  Disorders*^ 

<0.(X)1 

-0.041 

NS* 

+0.005 

Other  Neurological  Disorders^ 

NS 

NS 

NS 

NS 

Physical  Examination 


SmeU  NS 

Visual  Fields  ~ 

Light  Reaction  NS 

Ocular  Movement  NS 

Facial  Sensation  NS 

Smile  NS 

Palpebral  Fissure  NS 

Balance^ 

Speech 

Neck  Range  of  Motion  **  (NS) 

Cranial  Nerve  Index  NS 

Cranial  Nerve  Index 
Without  Range  of 

Motion  **  (NS) 

Peripheral  Nerve  Starjs 
Pin  Prick  NS 

Light  Touch  NS 

Muscle  Status  **  (NS) 

Vibration  NS 


ns  NS 


ns  -  NS 

ns  NS 

ns  ns 

ns  ns  NS 

ns  NS  NS 

**  (ns)  **  (NS)  **  (NS) 

ns  NS  ns 

**  (ns*)  •*  (NS)  **  (ns) 

ns  ns  NS 

NS  ns  ns 

(ns)  **  (ns)  **  (NS) 

ns  NS  NS 
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TABLE  8-40.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses 
for  Neurological  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Unknown 

versus 

Background 

Adjusted 

Low 

versus 

Background 

High 

versus 

Back^ound 

Peripheral  Nerve  Status 
(continued) 

Patellar  Reflex 

NS 

NS 

NS 

NS* 

Achilles  Reflex 

**  (NS) 

**  (ns) 

**  (NS) 

**  (NS) 

Biceps  Reflex 

“ 

— 

— 

— 

Babinski  Reflex 

- 

— 

— 

” 

Central  Nervous  System 

Coordination  Proces.ses 

Tremor 

NS 

ns 

ns 

NS 

Coordination 

**  (0.006) 

**  (NS*) 

**  (NS) 

**  (+0.001) 

Romberg  Sign^ 

— 

_ 

— 

— 

Gait 

•*  (NS) 

**  (NS) 

**  (NS) 

**  (NS) 

CNS  Index 

**  (NS) 

**  (NS) 

**  (ns) 

**  (+0.023) 

*Btl>nce  same  is  Romberg  sign. 

'’Adjusted  for  age. 

^Adjusted  for  age  and  occupation.  Appendix  Table  G-3  presents  a  detailed  description  of  this  analysis. 

+:  Relative  risk  1. 00  or  greater. 

Relative  risk  less  than  1.00. 

Analysis  not  performed  due  to  the  absence  of  abnormalities. 

NS/ns:  Not  significant  (p>0.10), 

NS*;  Marginally  significant  (0,05<pi0.1C). 

••  (NS)/**  (ns):  Categorized  current  dioxm-by.covariate  interaction  (0.01<p<0.05);  not  significant  when  interaction 
is  deleted;  refer  to  Appendix  Table  G-1  for  a  detailed  description  of  this  interaction. 

••  (NS*)/**  (ns*):  Categorized  current  dioxin-by-covariate  interaction  (0.0I<pS0.05):  marginally  signific  nt  when 
interaction  is  deleted;  refer  to  Appendix  Table  G-1  for  a  detailed  description  of  this  ir..eraction. 
**(...):  Categorized  current  dioxin-by-covariate  interaction  (0.01<pi0.05);  significant  when  interaction  is  deleted  and 
p-value  is  given  in  parentheses;  refer  to  Appendit  Table  G-1  for  a  detailed  description  of  this  interaction. 
Note;  P-value  given  if  p<0.03. 

A  capital  "NS"  denotes  relative  .isk  1. 00  or  greater;  a  lowercase  “ns"  denotes  relative  risk  less  than  1.00;  a 
capital  “NS"  in  the  first  column  does  not  imply  directionality. 
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TABLE  8-41. 

Summary  of  Dioxin-by-Covariate  Interactions  from  Adjusted  Analysis  of 

Neurology  Variables 


Variable 

Assumption 

Covariate 

Model  1: 

Log2  (Initial  Dioxin) 

Neck  Range  of  Motion 

Minimal 

RACE,  DIAB 

Neck  Range  of  Motion 

Maximal 

DIAB 

Cranial  Nerve  Index 

Maximal 

DIAB 

Pin  Prick 

Minimal 

DIAB 

Pin  Prick 

Maximal 

DIAB 

CNS  Index 

Minimal 

AGE 

CNS  Index 

Maximal 

AGE 

Model  2:  Log2 

(Current  Dioxin)  and  Time 

Pin  Prick 

Minimal 

DRKYR 

Pin  Prick 

Maximal 

DRKYR 

Tremor 

Maximal 

AGE 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Neck  Range  of  Motion 

Cranial  Nerve  Index  Without 

DIAB 

Range  of  Motion 

INS 

Muscle  Status 

DIAB 

Achilles  Reflex 

•• 

RACE 

Coordination 

•• 

AGE 

Gait 

DIAB 

CNS  Index 

“ 

AGE 

high  cunrnt  dioxin  category  had  the  lowest  incidence  of  hearing  loss.  However,  after 
adjustment  for  age.  these  contrasts  became  nonsignificant  because  Ranch  Hands  in  the  high 
current  dioxin  category  were  younger  on  average  than  men  in  the  other  categories.  The 
incidence  of  conditions  in  the  category  of  other  neurological  disorders  differed  significandy 
among  categories  wheMer  unadjusted  or  adjusted  for  age,  but  when  occupation  was  included 
in  the  model  all  contrasts  were  not  significant. 

Physical  Examination  Variables 

The  neurological  assessment  analyzed  12  variables  to  examine  the  association  between 
dioxin  and  cratiial  nerve  function  (smell,  visual  fields,  light  reaction,  ocular  movement,  facial 
sensation,  simle,  palpebral  fissure,  balance,  speech,  neck  range  of  motion,  a  cranial  nerve 
index,  and  the  index  without  range  of  motion).  Pin  prick,  light  touch,  muscle  status,  vibration, 
patellar  reflex,  Achilles  reflex,  biceps  reflex,  and  the  Babinski  reflex  were  analyzed  to  assess 
peripheral  nerve  status.  The  CNS  coordination  processes  were  based  on  tremor, 
coordination,  Romberg  sign  (balance),  gait  and  a  CNS  summary  index.  There  were  few 
abnormalities  for  many  of  these  variables,  limiting  the  statistical  power  to  detect  a  significant 
difference. 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  unadjusted  initial  dioxin  analyses 
were  not  significant  for  ail  neurological  examination  variables,  although  the  relative  nsk  was 
naarginally  more  than  1  for  the  CNS  index  under  the  maximal  assumption.  The  adjusted 
minimal  analyses  found  that  there  was  a  marginally  significant  increascxl  risk  for  range  of 
motion.  Under  the  maximal  assumption,  the  adjusted  analyses  of  the  Achilles  reflex  and 
coordination  displayed  a  relative  risk  that  was  marginally  more  than  1  when  diabetic  class 
was  excluded  from  the  model.  The  risks  were  not  significant  when  diabetic  class  was  in  the 
model.  After  adjusting  for  age  and  lifetime  alcohol  history,  the  adjusted  relative  risk  of  an 
abronnal  CNS  index  was  significantly  more  than  1  under  the  maximal  assumption. 

Under  one  or  both  assumptions,  the  adjusted  analyses  detected  significant  initial 
dioxin- by-diabetic  class  interactions  for  range  of  motion,  the  cranial  nerve  index,  and  pm 
prick.  SMtified  results  revealed  significant  or  marginally  significant  positive  associations 
t«twcen  initial  dioxin  and  these  variables  for  diabetic  Ranch  Hand.;.  By  contrast,  the  relative 
risks  were  less  than  1,  although  not  signi..ca;.:  (marginally  significant  for  pin  prick  under  the 
maximal  assumption),  for  diaberically  impaired  individuals. 

Under  both  the  minimal  and  maximal  assumptions,  the  adjusted  analyses  for  the  CNS 
i.idex  found  a  significant  interaction  between  initial  dioxin  and  age.  Categorizing  age  to  ' 
explore  the  interaction  revealed  a  significant  positive  association  between  initial  dioxin  and 
the  CNS  index  for  Ranch  Hands  bom  before  1942.  The  relative  risk  was  not  significant  for 
younger  Ranch  Hands. 


Under  the  maximal  assumption,  the  longitudinal  analyses  found  that  initial  dioxin  was 
associated  with  a  marginally  significant  decreased  risk  of  developing  a  cranial  nerve  index 

between  1935  and  1987.  and  a  marginally  significant  increased  risk  of  developin'^ 
a  C.  S  index  abnormality.  The  ininal  dioxin  longitudinal  analyses  under  the  minimaJ 
assumption  were  not  significant. 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  current  dioxin  and  time  since  tour  analyses  were  generally  not  significant  for  the 
neurological  examination  variables.  Under  the  minimal  assumption,  the  adjusted  current 
dioxin  and  time  analyses  displayed  a  significant  current  dioxin-by-time  interaction  for  light 
touch  and  a  marginally  significant  interaction  for  the  Achilles  reflex,  but  the  within  time 
stratum  results  were  not  significant.  For  Ranch  Hands  in  tlic  minimal  cohort  with  an  early 
tour,  there  was  a  marginally  significant  positive  association  between  current  dioxin  and  smile 
in  the  unadjusted  analysis  and  a  significant  increased  risk  of  range  of  motion  abnormalities 
and  an  abnormal  cranial  nerve  index  in  the  adjusted  analyses. 

The  adjusted  maximal  analyses  found  a  significant  current  dioxin-by-time  interaction  for 
range  of  motion  and  for  the  cranial  nerve  index.  Consistent  with  the  adjusted  minimal 
analysis,  the  relative  risk  for  both  these  variables  was  significantly  more  than  1  for  Ranch 
Hands  with  an  early  tour.  The  adjusted  maximal  analyses  also  detected  a  significant 
increased  risk  for  coordination  and  the  CNS  index  for  Ranch  Hands  with  a  later  tour.  The 
adjusted  relative  risk  of  an  abnormal  Achilles  reflex  was  marginally  mere  than  1  for  Ranch 
Hands  in  the  maximal  cohon  with  an  early  tour. 


Other  adjusted  analyses  were  not  significant  except  for  a  significant  current  dioxin-by- 
time-by-Iifetime  alcohol  history  interaction  for  pin  prick  and  a  significant  current  dioxin-by¬ 
time-by-age  interaction  for  tremor. 


Under  the  maximal  assumption,  the  longitudinal  analyses  of  the  cranial  neive  index 
found  a  marginally  significant  current  dioxin-by-time  interaction  that  was  due  to  a  significant 
decreased  risk  of  developing  an  abnormdity  between  1985  and  1987  for  Ranch  Hands  with  a 
later  tour.  The  current  dioxin  and  time  longitudinal  analyses  of  the  cranial  nerve  index  were 
not  significant  under  the  minimal  assumption.  Under  both  assumptions,  the  interaction 
tetween  current  dioxin  and  time  was  not  significant  in  the  longimdinal  analyses  of  the  CNS 
index,  but  the  relative  risk  of  developing  an  abnormality  was  marginally  more  than  1  for  Ranch 
Hands  in  the  maximal  cohon  with  a  later  tour. 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusteud  analyses  found  a  maiginally  significant  difference  in  the  prevalence  of 
coordination  abnormalities  among  current  dioxin  categories,  but  otherwise  the  overall 
contrast  was  not  significant  for  the  other  examination  variables.  In  the  unadjusted  analyses, 
the  high  versus  background  contrast  exhibited  a  significant  increased  risk  for  both 
coordination  and  the  CNS  index.  The  results  for  coordination  arc  consistent  with  previous 
results  from  the  1987  study,  which  found  a  significant  group  difference.  No  other  contrasts 
were  significant  in  the  unadjusted  analyses. 

The  adjusted  analyses  displayed  comparable  findings.  The  overall  contrast  was 
significant  in  the  adjusted  analysis  of  coordination,  but  not  for  the  other  variables.  In  the 
adjusted  analyses  of  coordination  and  the  CNS  index,  the  relative  risk  for  the  high  versus 
background  contrast  was  signiticantiy  more  than  1.  Several  contrasts  became  marginallv 
significant  after  covariate  adjustment.  Relative  to  the  background  cateaory,  there  was  a 
marginally  significant  increased  risk  of  patellar  reflex  abnormalities  in  the  high  current  dioxin 
category,  a  marginally  significant  increased  risk  of  coordination  abnormalities  in  the  unknowm 
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category,  and  a  marginally  significant  decreased  risk  of  cranial  nerve  index  abnormalities 
without  range  of  motion  in  the  unknown  category. 

The  adjusted  analyses  encountered  several  categorized  current  dioxin-by-covariate 
interactions,  which  are  listed  in  Table  8-41.  The  interaction  between  categorized  current 
dioxin  and  age  was  significant  for  the  CNS  index.  For  older  Ranch  Hands,  the  relative  risk 
was  significantly  more  than  1  for  the  high  versus  background  contrast.  This  is  consistent 
with  the  results  for  the  CNS  index  from  the  initial  dioxin  analyses.  Stratified  results  to 
explore  the  other  interactions  disclosed  no  consistent  pattern  indicative  of  a  dioxin  effect 
The  longitudinal  analysis  of  the  cranial  nerve  index  displayed  a  marginally  significant 
decreased  risk  of  developing  an  abnormality  for  the  high  current  dioxin  category  relative  to  the 
background  category.  The  longitudinal  analysis  of  the  CNS  index  showed  no  significant 
results,  but  the  high  current  dioxin  category  had  the  highest  incidence. 

CONCLUSION 

Overall,  the  neurological  assessment  did  not  indicate  that  dioxin  was  associated  with  . 
neurological  disease,  although  some  analyses  revealed  a  significant  associadou  with  the 
CNS  index  and  coordinadon.  The  adjusted  analyses  for  the  historical  quesdonnaire  variables 
were  not  significant  and  '•'ew  stadsdeaUy  significant  results  were  noted  for  the  physical 
examinadon  variables.  The  previous  repon  found  that  Ranch  Hands  had  a  significantly  higher 
incidence  of  hereditary  and  degeneradvc  diseases  (mostly  benign  essential  tremor)  than 
Comparisons,  but  the  scrum  dioxin  analyses  provided  no  support  that  dioxin  levels  were 
associated  significantly  with  an  increased  risk.  The  adjusted  categorized  current  dioxin 
analyses  for  coordination  found  that  the  reladvc  risk  was  significantly  greater  than  1  for 
Ranch  Hands  in  the  high  current  dioxin  category.  This  is  consistent  with  the  previous 
repon’s  finding  that  the  Ranch  Hand  group  had  significantly  more  coordination  abnormalities 
than  the  Comparison  group  {1.5%  versus  0.6%).  The  serum  dioxin  analyses  showed 
significant  associations  with  the  CNS  index,  includir;g  a  marginally  significant  association 
with  initial  dioxin  under  the  maximal  assumption  in  the  longitudinal  analyses. 
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CHAPTER  9 


PSYCHOLOGICAL  ASSESSMENT 


INTRODUCTION 

Background 

Chronic  psychological  disorders  rarely  arc  recognized  as  primary  clinical  endpoints 
following  exposure  to  chlorophenols,  phenoxy  herbicides,  and  dioxin.  Experimentd  animal 
studies  provide  little  insight  into  potential  psychological  consequences  of  2, 3,7,8- 
tetrachlorodibcnzo-p-dioxin  (TCDD)  exposure  in  humans.  Signs  of  toxicity  in  animals 
Gethargy,  swpor,  poor  coordination,  lack  of  feeding,  and  agitation)  have  been  observed  in 
multiple  studies  involving  many  species  and  have  been  attributed  to  the  “wasting  syndrome” 
of  multiorgan  toxicity  rather  than  to  primary  central  nervous  system  (CNS)  toxicity  (1). 

A  recent  study  of  monkeys  perinatally  exposed  to  TCDD  (2)  is  much  more  relevant  to 
human  research.  TTiough  the  results  were  not  uniform,  subtle  and  selective  deficits  were 
noted  in  learning  with  TCDD-exposed  monkeys  that  exhibited  retarded  learning  of  shape  but 
not  of  spatial  or  color  reversals. 

Studies  attempting  to  define  human  psychologicaVbehavioral  disorders  related  to  TCDD 
exposure  often  are  flawed  by  a  number  of  limitations  including  the  bias  of  self-reporting,  the 
lack  of  confirmation  by  psychological  testing,  and  the  unreliable  indices  of  exposure.  Using 
chloracne  as  a  reliable  marker  for  high-level  exposure,  early  studies  of  industrial  chemical 
worken  provided  the  first  suggestion  of  psychological  effects.  Studies  shortly  after  a  Nitro, 
West  Virginia,  accident  in  1949  documented  nervousness,  fatigue,  irritability,  cold 
intolerance,  and  decreased  libido  in  many  of  the  workers  with  chloracne.  Most  of  these 
symptoms  resolved  over  a  4-year  period  (3,  4).  Two  followup  studies  of  expanded  plant 
cohons  in  1979  noted  a  strong  association  between  chloracne  and  reponed  symptoms  of 
diminished  libido,  sexual  dysfunction,  and  insomnia  (5,  6).  None  of  these  studies  included 
validation  by  neurobehavioral  testing. 

Other  industrially  based  studies  reported  a  wide  range  of  acute  and  subacute  subjective 
symptoms  including  fatigue,  decreased  libido,  impotence,  sleep  disturbances,  reduced 
emotional  responses,  sensory  deficits,  reading  difficulties,  memory  loss,  and  emotional 
disorders  (7-13).  One  study  found  a  relationship  between  chloracne  and  hypomania  as 
reflected  in  the  Minnesota  Muitiphasic  Personality  Inventory  (MMPI)  (14).  Another  study 
noted  that  two  of  three  chemists  involved  in  the  synthesis  of  TCDD  developed  marked 
personality  changes  (15).  Although  data  interpretation  problems  exist,  a  Czechoslovakian 
10-year  followup  snidy  cited  eight  cases  of  severe  dementia  in  exposed  workers  and  reported 
that  symptoms  of  anxiety  and  depression  decreased  over  the  followup  period  (13). 

A  contemporary  cross-sectional  morbidity  study  of  a  mobile-home  park  en  ironmcntally 
contaminated  with  dioxin  documented  psychological  changes  in  exposed  residents  (16). 
Significant  abnormalities  were  recorded  in  the  e,xposed  group  for  the  tension/anxiety  and 
anger/hostility  scales  of  the  Profile  of  Mood  States  Inventory  as  well  as  the  vocabulary 
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subtest  of  the  Wechsler  Adult  Intelligence  Scale.  However,  cerebral  function,  as  assessed 
by  the  Halstead-Reitan  Battery  (HRB),  revealed  no  significant  group  differences. 

Many  epidemiologic  studies  have  confirmed  that  the  Viemam  War  exacted  an  emorional 
toll  of  its  veterans,  particularly  those  who  served  in  heavy  combat  The  possibility  of  occult 
disease  consequent  to  herbicide  exposure  has  introduced  an  additional  element  of  uncertainty 
with  its  own  set  of  adverse  psychological  implications.  Relevant  to  this  is  a  recent  study  of 
the  psychological  characteristics  of  153  Vietnam  veterans  with  comparable  combat 
experience.  Fifty-eight  of  these  veterans  reponed  moderate  to  high  herbicide  exposure  in 
contrast  to  95  veterans  with  minimal  or  no  exposure.  The  perceived  exposed  cohort  scored 
significantly  higher  on  MMPI  scales  F,  hypochondriasis,  depression,  paranoia, 
psychasthenia,  schizophrenia,  mania,  and  social  introversion  (17). 


In  addition  to  unreliable  exposure  estimates,  this  study  of  psychopathology  in  veterans 
was  further  complicated  by  the  confounding  effects  of  combat  stress  and  the  post-traumatic 
stress  disorder  (PTSD).  In  1980,  the  American  Psychiatric  Association  established  the  term 
post-traumatic  stress  disorder  to  define  a  condition  caused  by  extreme  psychic  trauma;  e.g., 
natural  disaster,  war,  imprisonment,  or  tonure  (18).  PTSD  comprises  symptoms  of  anxiety, 
“powder-keg”  anger,  depression,  irritability,  restlessness,  recurrent  intrusive  dreams, 
flashbacks,  and  sleeplessness.  Quiescent  PTSD  may  be  reactivated  acutely  in  some 
individuals  by  a  specific  triggering  event  (19).  Although  a  concise  definition  of  PTSD  exists, 
the  best  means  of  diagnosing  it  is  controversial.  Some  investigaton  prefer  a  full  and 
thorough  clinical  inter/iew  (20)  while  others  favor  empiric  symptom  scales  (15).  Each 
method  serves  a  different,  but  highly  related,  purpose:  clinical  diagnosis  in  individuals  versus 
an  epidemiologic  <-uid  statistical  contrast  of  groups. 


The  prevalence  of  PTSD  in  Vietnam  veterans  is  unknown;  even  the  qualitative 
assessments  of  “common”  or  “rare”  are  debatable  (20,  21).  Eighteen  percent  of  the  nearly 
100,000  Vietnam  veterans  registered  in  the  Veterans  Administration’s  Agent  Orange 
Registry  in  1983  complained  of  nervousness  and  10  percent  cited  personality  disorders  (22). 
In  a  group  of  132  veterans  included  in  the  Registry  (most  of  whom  were  selected  for  inclusion 
in  the  study  based  on  referral  for  psychotherapy),  53  percent  met  criteria  for  PTSD,  based  on 
symptoms  of  sleep  disorders  (53%),  mood  depression  (36%),  suicidal  thoughts  (35%),  and 
irritability  (31%)  (23). 

In  another  large  study  conducted  by  the  Veterans  Administration  that  focused  on  the 
association  between  Vietnam  service  and  combat  experience,  eight  PTSD  indices  (24)  found 
a  high  incidence  (16%)  of  PTSD  in  veterans  of  the  Vietnam  era  Though  the  study  was 
recently  published,  the  data  were  collected  in  1979  before  the  public  controversy  surrounding 
the  potential  health  consequences  of  exposure  to  Agent  Orange.  After  adjustment  for  the 
potential  confounding  effects  of  military  service  and  demographic  factors,  the  level  of  combat 
exposure  was  significantly  associated  with  all  eight  symptoms  of  PTSD  in  a  dose-response 
pattern. 


Many  studies  have  attempted  to  investigate  the  relationship  between  PTSD  and 
herbicide  exposure  in  Vietnam  veterans.  Tne  methods  employed  to  detesmine  exposure 
include  self-reponing,  use  of  chloracne  symptoms  (both  self-reponed  and  medically 
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diagnosed),  and  various  attempts  to  link  the  geographic  location  of  a  veteran  during  service  in 
Vietnam  to  areas  of  herbicide  use.  All  of  these  methods  have  questionable  validity.  Self- 
reporting  has  been  shown  to  be  highly  inaccurate  for  most  applications  (25).  One  study  in 
which  chloracne  was  used  as  an  index  of  exposure  examined  6  Viemam  veterans  and  25 
control  subjects  selected  from  the  same  sample  group.  Evidence  was  found  for  significant 
psychological  disorders  in  the  exposed  subjects  based  on  the  results  of  a  neuropsychological 
battery  (26).  Principal  limitations  of  the  study  included  the  small  sample  size  and  lack  of 
histologic  confirmation  of  chloracne  diagnosis. 

The  probabilistic  approach  is  a  more  recent  method  used  to  determine  herbicide 
exposure  in  Viemam  veterans.  To  develop  probabilities  for  exposure,  one  study  used  data 
based  on  self-reported  locations  of  service  in  Viemam  and  Department  of  Defense  records  on 
locations  where  herbicides  were  employed  (25).  Based  on  the  resulting  probability 
distribution,  100  randomly  selected  Viemam  veterans  were  assessed  for  psychological 
problems  and  for  self-reporting  bias  in  symptoms.  A  similar  incidence  of  psychological 
disorders  was  noted  in  the  two  groups  using  the  probabilistic  approach.  In  contrast,  by  self- 
reponed  exposure  estimates,  significant  group  differences  were  found.  The  authors  concluded 
that  self-reponed  indices  of  exposure  were  unreliable  and  that  psychological  symptomatology 
was  significantly  influenced  by  individual  perception  of  exposure. 

A  larger  study  using  the  probabilistic  approach  selected  6,810  American  Legionnaires 
who  served  during  the  Viemam  War  (27).  The  group  was  divided  into  those  who  served  in 
Southeast  Asia  (SEA)  and  those  who  served  elsewhere  at  the  same  time.  Those  who 
served  in  SEA  were  considered  the  “possibly  exposed”  group  (including  102  known  handlers 
of  herbicides);  those  who  served  elsewhere  were  considered  unexposed.  The  probability  of 
exposure  was  based  on  the  time  and  location  of  service  of  each  veteran  and  the  time(s)  of 
herbicide  use  in  each  area  as  identified  from  data  released  by  the  Army  Joint  Services 
Environmental  Suppon  Group.  The  level  of  combat  experience  was  evaluated  along  with  a 
num^  of  social  and  behavioral  effects.  The  results  of  the  study  showed  that  though 
herbicide  exposure  independently  could  not  predict  reponed  psycho-social  outcomes,  it  could 
anticipate  the  outcomes  when  used  as  a  cross-product  with  combat,  indicating  that  a 
synergistic  effect  may  be  occurring  (28).  Reported  outcomes  were  not  verified  by  medical 
records  review  or  psychological  testing  and  exposure  was  not  verified. 

Though  not  specifically  designed  to  investigate  endpoints  from  Agent  Orange  exposure, 
the  Viemam  Experience  Study  (VES)  by  the  U.S.  Centers  for  Disease  Control  included 
comprehensive  psychological  testing  in  Viemam  and  non-Vietnam  veterans  (29).  Results 
reveal^  an  increased  incidence  of  psychological  dysfunction  related  to  service  in  Viemam 
including  depression  (4.5%  of  Viemam  veterans  versus  3.2%  in  non- Vietnam  veterans), 
anxiety  (4.9%  versus  3.2%),  and  alcohol  abuse  or  dependence  (13.7%  versus  9.2%). 

Lacking  a  valid  index  of  herbicide  exposure,  research  efforts  to  date  can  be  summarized 
as  contributing  a  great  deal  to  our  understanding  of  the  psychological  consequences 
associated  with  military  service  in  Viemam  but  very  little  to  resolving  the  question  of 
behavioral  endpoints  to  TCDD  toxicity.  Further  insight  in  this  reaard  must  await  additional 
studies  based  on  more  accurate  methods  of  determining  the  body  burden  of  dio.xin. 


More  detailed  summaries  of  the  pertinent  scientific  literature  for  the  psychological 
assessment  can  be  found  in  the  rcpon  of  the  previous  analyses  of  the  1987  examination  data 
(30). 


Summary  of  Previous  Analyses  of  the  1987  Examination  Data 

The  psychological  assessment  was  based  on  verified  psychological  disorders;  reported 
sleep  disorders;  and  two  clinical  psychological  tests,  the  Symptom  Check  List-90-Revised 
(SCL-90-R)  and  the  Millon  Clinical  Multiaxial  Inventory  (MOdl)-  The  verified  data  on 
lifetime  psychological  disorders  showed  no  group  differences  for  psychoses,  drug  dependence, 
and  anxiety.  However,  marginally  more  Ranch  Hands  than  Comparisons  had  a  verified 
history  of  alcohol  dependence  and  “other  neuroses”  based  on  unadjusted  analyses.  The 
Ranch  Hands  reponed  experiencing  great  of  disabling  fatigue  during  the  day  and  talking  in 
their  sleep  more  frequently  than  the  Comparisons.  No  group  differences  were  detected  in  the 
other  13  sleep  disorder  variables  in  the  unadjusted  analyses.  Although  no  significant 
differences  between  the  Ranch  Hands  and  Comparisons  were  found  in  the  unadjusted 
analyses  of  the  12  SCL-90-R  variables,  the  Ranch  Hands  had  marginally  more  abnormalities 
than  the  Comparisons  for  depression,  somatization,  and  an  index  of  the  general  severity  of 
symptoms.  TTie  results  of  the  unadjusted  analyses  of  the  MCMI  scores  revealed  that  the 
Ranch  Hands  had  significantly  higher  mean  antisocial  and  paranoid  scores  than  the 
Comparisons.  Marginally  significant  differences  were  identified  on  the  narcissistic  and 
psychotic  delusion  scores,  where  the  mean  score  of  the  Ranch  Hands  exceeded  that  of  the 
Comparisons.  After  adjustment  for  the  covariates,  a  significant  difference  remained  on  the 
narcissistic  score.  The  Comparisons  had  a  significantly  higher  mean  dependent  score  than 
the  Ranch  Hands.  Significant  group-by-covariate  interactions  were  frequently  noted  in  the 
adjusted  analyses,  which  made  direct  contrast  of  the  two  groups  difficult. 

Parameters  of  the  Psychological  Assessment 
Dependent  Variables 

Questionnaire  and  physical  examination  data  were  used  in  the  psychological 
assessment. 

Questionnaire  Data 

At  the  face-to-face  interview  of  the  1987  examination,  each  panicipant  was  asked 
whether  he  had  a  mental  or  emotional  disorder  since  the  date  of  his  last  interview.  Reported 
disorders  for  which  treatment  was  obtained  were  subsequently  verified  by  reviews  of  medical 
records.  Information  on  verified  psychological  disorders  from  the  1987  examination  was 
combined  with  verified  disorders  from  the  Baseline  and  1985  examinations,  and  a  series  of 
dependent  variables  regarding  verified  history  of  psychological  disorders  was  created.  In 
particular,  the  verified  histories  of  psychoses,  alcohol  dependence,  drug  dependence,  anxiety, 
and  an  International  Classification  of  Diseases,  9th  Revision,  Clinical  Modification  (ICD-9-* 
CM)  diagnostic  code-based  category  of  “other  neuroses”  (ICD  codes  300-302,  305-309,  and 
311)  were  studied.  Participants  with  a  verified  pre-SEA  history  of  a  psychological  disorder 
were  excluded  from  the  analyses  pertaining  to  that  disorder. 


Each  participant  was  also  asked  a  series  of  questions  regarding  sleep  problems  (31). 
Each  participant  was  asked  whether  he  had  a  cunent  or  past  problem  with  the  following  12 


sleqj  disorders:  (1)  trouble  falling  asleep,  (2)  waldng  up  during  the  night,  (3)  waking  up  too 
early  and  can’t  go  back  to  sleep,  (4)  weidng  up  unrefreshed,  (5)  involuntarily  falling  asleep 
during  the  day,  (6)  great  or  disabling  fatigue  during  the  day,  (7)  frightening  dreams, 

(8)  talking  in  sleep,  (9)  sleepwalking,  (10)  abnormal  movement  or  activity  during  the  night, 
(11)  sleep  problems  requiring  medication,  and  (12)  snoring  loudly  in  ail  sleeping  positions. 
Each  of  these  conditions  was  considered  to  be  a  problem  if  the  participant  responded  yes  to 
having  either  a  current  or  past  problem.  In  addition,  a  participant  was  considered  as  having 
insorrmia  currently  or  in  the  past  if  he  responded  yes  to  any  of  the  first  three  conditions  (31). 
Also,  an  overall  sleep  disorder  index  was  constructed,  where  a  sleep  disorder  was  defined  as 
yes  if  a  participant  responded  affirmatively  to  any  of  these  conditions,  either  currently  or  in 
the  past  Each  of  the  12  conditions,  along  with  insomnia  and  the  sleep  disorder  index,  was 
dichotomized  and  analyzed. 

Each  participant  was  asked  the  average  number  of  hours  he  slept  per  night  This 
dependent  variable  was  analyzed  in  its  continuous  form. 

The  presence  of  PTSD,  based  on  a  subset  of  49  questions  (32)  from  the  MMPI 
administered  at  the  1985  examination,  was  used  as  an  exclusionary  criterion  for  all  verified 
psychological  disorders  and  all  sleep  disorder  variables.  This  covariaie  was  dichotomized  as 
yes/no  using  greater  than  30  affirmative  responses  as  a  positive  indicator  of  PTSD.  Of  the 
participants  ai  the  1987  examination  with  a  dioxin  assay,  12  were  classified  as  having  PTSD 
(9  Ranch  Hands  and  3  Comparisons)  by  this  criteria. 

Physical  Examination  Data 

Two  instruments  new  to  the  1987  examination,  the  SCL-90-R  and  the  MCMI,  were 
used  in  the  psychological  assessment.  Participants  with  PTSD  were  excluded  from  the 
analysis  of  the  variables  from  the  SCL-90-R  and  the  MCMI. 


SCL~90-R 

The  SCL-90-R  is  a  multidimensional  self-reponed  symptom  inventory  designed  to 
measure  symptomatic  psychological  distress  in  terms  of  nine  primary  symptom  dimensions 
and  three  global  indices  of  distress  (33).  Each  participant  was  asked  to  respond  to  90 
questions  in  terms  of  a  5-point  scale:  not  at  all  (0),  a  little  bit  (1),  moderately  (2),  quite  a  bit 
(3),  and  extremely  (4).  Responses  were  grouped  into  the  nine  primary  symptom  categories, 
and  a  raw  score  for  a  participant  for  a  category  was  determined  by  adding  the  scores  of  the 
answered  questions  in  that  category  and  dividing  by  the  number  of  answered  question.'-  in 
that  category.  The  raw  scores  were  then  convened  to  T-scores  (reference  scores  for  a  given 
population  norm)  for  analysis.  These  nine  categories  were  anxiety,  depression,  hostility, 
interpersonal  sensitivity,  obsessive-compulsive  behavior,  paranoid”  ideation,  phobic  anxiety, 
psychoticism,  and  somatization. 

Three  global  indices  also  were  analyzed:  the  global  severity  index  (GSI),  the  positive 
symptom  total  (PST),  and  the  positive  symptom  distress  index  (PSDI).  The  GSI  was 
defined  as  the  sum  of  the  scores  of  all  answered  questions  divided  by  the  number  of 
answered  questions  on  the  entire  test.  This  index  combines  information  on  the  number  of 
symptoms  and  the  intensity  of  distress.  Tne  PST  was  the  number  of  questions  to  which  the 
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participant  responded  positively  (i.e.,  1,  2,  3,  or  4).  The  PSDI  was  determined  by  adding  the 
scores  of  all  answered  questions  and  dividing  by  the  PST.  This  index  describes  the  intensity 
of  the  positive  symptoms.  Each  of  these  indices  was  also  converted  to  a  T-score. 

The  T-scorcs  from  the  nine  primary  symptom  categories  were  classified  as  normal  or 
abnormal,  with  abnormal  being  defined  as  a  T-score  of  a  least  63.  Less  than  10  percent  of  the 
scores  for  each  category  were  judged  to  be  abnormal,  based  on  this  criterion.  These  symptom 
categories  and  indices  are  described  more  fully  in  Appendix  H,  pages  H-1  to  H-4. 


MCMI 

The  MCMI  (34)  is  a  self-administered  test  consisting  of  175  items  and  divided  into  20 
scales.  Each  of  its  20  scales  was  constructed  as  an  operational  measure  of  a  syndrome 
derived  from  a  theory  of  personality  and  psychopathology.  The  MCMI  was  not  designed  to 
be  a  general  personality  instrument  to  be  used  for  “normal”  populations  or  for  purposes  other 
than  diagnostic  screening  or  clinical  assessment.  The  20  scales  are  organized  into  three 
broad  categories  to  reflect  distinctions  between  basic  personality  patterns,  pathological 
personality  disorders,  and  clinical  symptom  syndromes.  Many  of  these  scales  are  Meetly  or 
indirectly  correlated.  The  MCMI  scales  are  described  more  fully  in  Appendix  H,  pages  H-5  to 


Basic  Personality  Patterns.  Eight  scales  from  the  MCMI  focus  on  everyday  ways  of 
functioning  that  characterize  patients  even  when  they  are  not  suffering  acute  symptom  states. 
These  scales  reflect  relatively  enduring  and  pervasive  traits  that  typify  styles  of  behaving, 
perceiving,  thinking,  feeling,  and  relating  to  others.  These  eight  scales  arc  schizoid  (asocial), 
avoidant,  dependent  (submissive),  histrionic  (gregarious),  narcissistic,  antisocial 
(aggressive),  compulsive  (conforming),  and  passive-aggressive  (negativistic). 

Pathological  Personality  Disorders,  Three  MCMI  scales  describe  patients  who  clearly 
evidence  chronic  or  periodically  severe  pathology  in  the  overall  structure  of  personality. 

These  scales  are  schizotypal  (schizoid),  borderline  (cycloid),  and  paranoid. 


Clinical  Symptom  Syndromes.  Nine  scales  from  the  MCMI  measure  reactive  disorders, 
often  precipinted  by  external  events,  that  arc  of  substantially  briefer  duration  than  the 
personality  disorder.  Six  scales — anxiety,  somatoform,  hypomanic,  dysthymic,  alcohol 
abuse,  and  drug  abuse— represent  disorders  of  moderate  severity.  The  other  three  scales- 
psychotic  thinking,  psychotic  depression,  and  psychotic  delusions— reflect  disorders  of 
marked  severity. 


Raw  scores  were  derived  for  each  of  these  scales  and  were  convened  to  base  rate  (BR) 
scores  based  on  known  personality  and  syndrome  prevalence  data.  The  BR  scores  for  each  of 
these  20  scales  were  analyzed  as  continuous  variables.  High  scores  indicated  greater 
emotional  illness  or  psychological  abnormality  than  ic--v  scores.  Unlike  the  SCL-90-R,  scores 
were  not  classified  as  “normal”  for  these  scales. 


Transformations  were  applied  to  cenain  MCNB  variables.  In  particular,  a  natural 
logarithm  transformation  was  applied  to  the  schizoid  and  avoidant  scores.  This 
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transfoimation  was  performed  after  adding  1.0  to  the  avoidant  scores  because  some 
participants  had  a  score  of  0.  A  square  root  transformation  was  used  with  the  dependent, 
passive-aggressive,  and  hypomania  scores,  and  a  square  transformation  was  applied  to  the 
histrionic  and  compulsive  scores.  All  statistics  were  converted  back  to  the  original  units  for 
presentation. 


Covariates 

Covariates  examined  in  the  adjusted  statistical  analyses  of  the  psychological 
assessment  included  age,  race,  education  level  Giigh  school,  college),  current  alcohol  use 
(drinks/day),  and  lifetime  alcohol  history  (drink-years).  Age,  lifetime  alcohol  history,  and 
current  alcohol  use  were  used  in  the  continuous  form  for  modeling  purposes  for  general  linear 
models  and  logistic  regression  analyses.  Hiese  variables  were  discretized  for  presentation 
of  covariate  interactions  with  dioxin. 

The  lifetime  alcohol  hisiory  and  current  alcohol  use  covariates  were  based  on  self- 
reported  information  from  the  questionnaire.  For  lifetime  alcohol  history,  the  respondent’s 
average  daily  alcoholic  consumption  was  determined  for  various  drinking  stages  throughout 
his  lifetime,  and  an  estimate  of  the  corresponding  total  number  of  drink-years  (1  drink- 
year=365  drinks)  was  derived.  The  current  alcohol  use  covariate  was  based  on  the  average 
drinks  per  day  for  the  month  prior  to  completing  the  questionnaire. 


Relation  to  Baseline,  1985,  and  1987  Studies 

The  dependent  variables  dealing  with  a  history  of  mental  or  emotional  disorders  were 
analyzed  for  the  Baseline  and  1985  studies.  However,  the  variables  concerned  with  sleep 
disorders,  the  SCL-90-R,  and  the  MCMI  were  new  to  the  1987  study  and  the  serum  dioxin 
analyses.  PTSD  was  an  exclusionai7  criterion  for  analyses  of  the  1987  examination  data. 
For  the  1985  examination  report,  PTSD  was  used  as  a  covariate. 

Statistical  Methods 

Thi-ec  statistical  analysis  approaches  were  used  to  examine  the  association  between  a 
health  endpoint  dependent  variable  and  scrum  dioxin  levels.  One  model  related  a  dependent 
variable  to  each  Rand  Hand’s  initial  dioxin  value  (extrapolated  from  current  dioxin  values 
using  a  first-order  pharmacokinetic  model).  A  second  model  related  a  dependent  variable  to 
each  Ranch  Hand’s  current  serum  dioxin  value  and  each  Ranch  Hand’s  time  since  tour.  The 
phrase  “time  since  tour”  is  often  referred  to  as  “time”  in  discussions  of  these  results.  Both 
of  these  models  were  implemented  under  the  minimal  and  maximal  assumptions  (i.e..  Ranch 
Hands  with  current  dioxin  above  10  ppt  and  above  5  ppt,  respectively).  The  third  model 
compared  ±e  health  endpoint  dependent  variable  for  Ranch  Hands  having  current  dioxin 
.•alues  categorized  as  unknown,  low,  and  high  with  Comparisons  having  background  levels, 
fhe  contrast  of  the  entire  Ranch  Hand  group  with  the  complete  Comparison  group  can  be 
found  in  the  previous  report  of  analyses  of  the  1987  examination  (30).  All  three  models  were 
ir.-plementcd  with  and  without  covariate  adjustment.  Chapter  4,  Statistical  Methods, 
provides  a  more  detailed  discussion  of  the  models.  Table  9-1  summarizes  the  statistical 
analyses  performed  for  the  serum  dioxin  analyses  of  the  psychological  assessment.  The  first 
part  of  this  table  describes  the  dependent  variables:  the  second  part  provides  a  further 


9-7 


TABLE  9-1, 


Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


Data 

Data 

Candidate 

Statistical 

Variable  (Units) 

Source 

Form 

Outpoints 

Covariates 

Analyses 

Psychoses 

Q/PE-V 

D 

Yes 

AGE,RACE, 

Ui-R 

No 

ALCJ3RKYR, 

EDUC 

Ad-R 

Alcohol 

Q/PE-V 

D 

Yes 

AGE,RACE, 

UUl 

Dependence 

No 

EDUC 

AiR 

Drug 

Q/PE-V 

D 

Yes 

•• 

Dependence 

No 

Anxiety 

Q/PE-V 

D 

Yes 

AGE,RACE, 

UJ-R 

No 

ALCT5RKYR, 

EDUC 

AUR 

Other 

Q/PE-V 

D 

Yes 

AGE,RACE, 

Neuroses 

No 

ALCJDRKYR, 

EDUC 

AIR 

Trouble 

Q-SR 

D 

Yes 

AGE, RACE, 

UUl 

Falling  Asleep 

No 

ALCJ)RKYR, 

EDUC 

A:LR 

Waking  Up 

Q-SR 

D 

Yes 

AGE,RACE, 

UI-R 

During  the 

No 

ALCJDRKYR, 

A;LR 

Night 

EDUC 

Waking  Up  Too 

Q-SR 

D 

Yes 

AGE,RACE, 

UUR 

Early  and  Can’t 

No 

ALCDRKYR. 

A:LR 

Go  Back  to 

Sleep 

EDUC 

Waking  Up 

Q-SR 

D 

Yes 

AGE.RACE. 

UO-R 

Unrefreshed 

No 

ALCX)RKYR, 

EDUC 

A:LR 

TABLE  9-1.  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 
Dependent  Variables 


Variable  (Units) 


Data 

Source 


Data 

Form 


Cutpoints 


Candidate 

Covariates 


Statistical 

Analyses 


Involuntarily  Q-SR  D  Yes  AGE.RACE,  UJLR 

Falling  Asleep  No  ALCJDRXYR,  AJ-R 

During  the  Day  EDUC 


Great  or 

Disabling 

Fatigue  During 
the  Day 

Q-SR 

D 

Frightening 

Dreams 

Q-SR 

D 

Talking  in 

Sleep 

Q-SR 

D 

Sleepwalking 

Q-SR 

D 

Abnormal  Move¬ 

Q-SR 

D 

ment/Activity 
During  the 

Night 

Sleep  Problems 
Requiring 
Medication 

Q-SR 

D 

Snore  Loudly 

Q-SR 

D 

in  All  Sleeping 
Positions 


Yes 

No 

AGE.RACE, 

ALCJDRKYR, 

EDUC 

UJJl 

A;LR 

Yes 

No 

AGE.RACE, 

ALCJ5RKYR, 

EDUC 

UJJl 

A;LR 

Yes 

No 

AGE.RACE, 

ALCJ)RKYR, 

EDUC 

UUR 

AJJl 

Yes 

No 

AGE.RACE, 

ALCJDRKYR, 

EDUC 

UJR 

A:LR 

Yes 

No 

AGE.RACE, 

ALCJDRKYR, 

EDUC 

UJJl 

A;LR 

Yes 

No 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

ULR 

A;LR 

Yes 

No 

AGE.RACE, 

ALCJDRKYR, 

EDUC 

UU^ 

A;LR 

r 


TABLE  9-L  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Varbbles 


Variable  (Units) 

Data 

Source 

Data 

Form 

Curpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Insomnia 

Q-SR 

D 

Yes 

No 

AGE^RACE, 

ALCDRKYR, 

EDUC 

UUl 

AiR 

Overall  Sleep 
Disorder  Index 

Q-SR 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ)RKYR, 

EDUC 

UiR 

AIR 

Average 

Sleep  Each 

Night  (hours) 

Q£R 

C 

— 

AGE,RACE, 

ALCJ)RKYR, 

EDUC 

U;GLM 

A:GLM 

Symptom  Check 
List-90-Revised 
(SCL-90-R) 
Anjtiety 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCXiRKYR, 

EDUC 

UiR 

A;LR 

SCL-90-R 

Depression 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ5RKYP., 

EDUC 

UiR 

A:LR 

SCL-90-R 

Hostility 

PE 

D 

Abnormal 

Normal 

AGE, RACE, 

ALCE>RKYR, 

EDUC 

U:LR 

A;LR 

SCL-90-R 

Interpersonal 

Sensitivity 

PE 

D 

Abnormal 

Normal 

ACE,RACE, 

ALCJDRKYR, 

EDUC 

UlR 

A;LR 

SCL-90-R 

Obsessive- 

Compulsive 

Behavior 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ5RKYR, 

EDUC 

UUR 

A:LR 
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TABLE  9-L  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Outpoints 

Candidate 

Covariates 

Statistical 

Analyses 

SCL-90-R 

Paranoid 

Ideation 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ5RKYR, 

EDUC 

UiR 

AiR 

SCL-90-R 

Phobic 

Anxiety 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

UiR 

AiR 

SCL-90-R 

Psychoticism 

PE 

D 

Abnormal 

Normal 

AGE, RACE, 

ALCDRKYR, 

EDUC 

UiR 

A:LR 

SCL-90-R 

Somatization 

PE 

D 

Abnormal 

Normal 

AGE,RACE. 

ALCJ)RKYR 

EDUC 

UiR 

AiR 

SCL-90-R 

Global 

Severity 

Index  (GSI) 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ)RKYR, 

EDUC 

UU^ 

Ad-R 

SCL-90-R 

Positive 

Symptom 

Total  (PST) 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJIRKYR, 

EDUC 

UlR 

A:LR 

SCL-90-R 

Posidve 

Symptom 

Distress 

PE 

D 

Abnormal 

Normal 

AGE,RACE, 

ALCJ^RKYR, 

EDUC 

UiR 

A;LR 

Index  (PSDI) 


TABLE  9-L  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

Source 

Data 

Form 

Cutpoints 

Candidate 

Covariates 

Statistical 

Analyses 

Millon  Clinical  Multiaxial  Inventory 

Basic  Personality  Panems 

Schizoid  Score 

PE 

C 

— 

AGE,RACE, 

ALCJ5RKYR, 

EDUC 

U:GLM 

A;GLM 

Avoidant  Score 

PE 

c 

— 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

U:GLM 

A:GLM 

Dependent  Score 

PE 

c 

— 

AGE,RACE, 

ALCDRKYR, 

EDUC 

U:GLM 

A;GLM 

Histrionic  Score 

PE 

c 

— 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

U:GLM 

A;GLM 

Narcissistic  Score 

PE 

c 

— 

AGE,RACE, 

ALCJ3RKYR, 

EDUC 

U:GLM 

A;GLM 

Antisocial  Score 

PE 

c 

— 

AGE,RACE, 

ALCJDRXYR, 

EDUC 

U:GLM 

A;GLM 

Compulsive  Score 

PE 

c 

AGE, RACE, 

ALCJDRKYR, 

EDUC 

U;GLM 

A;GLM 

Passive- Aggressive 
Score 

PE 

c 

- 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

U:GLM 

A:GLM 

TABLE  9-1.  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


Data  Data  Candidate  Statistical 

Variable  (Units) _ Source  Form  Cutpoints _ Covariates _ Analyses 


Disorders 


Schizotypal  Score 

PE 

C 

AGE,RACE, 

ALCDRKYR, 

EDUC 

U:GLM 

A:GLM 

Borderline  Score 

PE 

c 

-  . 

AGE,RACE, 

ALCDRKYR, 

EDUC 

U:GLM 

A;GLM 

Paranoid  Score 

PE 

c 

AGE, RACE, 

ALCDRKYR, 

EDUC 

U;GLM 

A;GLM 

Clinical  Svmptom 
Syndromes 

Anxiety  Score 

PE 

c 

AGE,RACE, 

ALCDRKYR, 

EDUC 

U:GLM 

A:GLM 

Somatoform  Score 

PE 

c 

-  - 

AGE,RACE, 

ALCDRK'iT^, 

EDUC 

U:GLM 

A;GLM 

Hypomania  Score 

PE 

C 

AGE,RACE, 

ALCDRKYR, 

EDUC 

U;GLM 

A;GLM 

Dysthymia  Score 

PE 

c 

AGE.RACE, 

ALCDRKYR, 

EDUC 

U;GLM 

AiGLM 

Alcohol  Abuse 

Score 

FE 

c 

AGE, RACE, 
EDUC 

U.-GLM 

A;GLM 

TABLE  9-1.  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Dependent  Variables 


Variable  (Units) 

Data 

So'irce 

Data 

Form 

Curpoints 

Candidate 

Covariates 

Statistical 

Analyses 

ainical  Symotorg 

Svndromes  (Continued) 

Drug  Abuse 

Score 

PE 

C 

•  • 

AGE.RACE, 

ALCDRKYR, 

EDUC 

U:GLM 

A:GLM 

Psychotic  Thinking 
Score 

PE 

C 

-  - 

AGE.RACE, 

ALCJDRKYR, 

EDUC 

U:GLM 

A;GLM 

Psychotic  Depression 
Score 

PE 

C 

•  - 

AGE,RACE, 

ALC43RKYR, 

EDUC 

U:GLM 

A:GLM 

Psychonc 

Delusion  Score 

PE 

C 

•  • 

AGE,RACE, 

ALCJDRKYR, 

EDUC 

U:GLM 

A:GLM 

Covariates 

Variable  (Abbreviation) 

Data 

Source 

Data 

Form 

Curpoints 

Age  (AGE) 

MIL 

D/C 

Bom  >1942 

Bom  <1942 

Race  (RACTE) 

MIL 

D 

Black 

Non-Black 

Current  Alcohol  Use 
(aLC)  (drinks/day) 

Q-SR 

D/C 

0-1 

>1 

TABLE  9-L  (Continued) 

Statistical  Analysis  for  the  Psychological  Assessment 


Covariates 


Variable  (Abbreviarion) 

Data 

Source 

Data 

Form 

Cutpoints 

Lifetime  Alcohol 

Q-SR 

D/C 

0 

ffistory  (DRKYR) 

>0-40 

(drink- years) 

>40 

Education  (EDUC) 

Q-SR 

D 

College 

High  School 

Abbreviations 


Data  Source: 


Data  Form: 


MIL-Air  Force  military  records 
PE-1987  SCRF  psychological  examination 
Q-SR— 1987  NORC  questionnaire  (sclf-rcponcd) 

Q/PE-V— 1987  Questionnaire  and  physical  examination  (verified) 

D— Discrete  analysis  only 
C-Condnuous  analysis  only 

D/C— Appropriate  form  for  analysis  (either  discrete  or  condnuous) 


Stadsdeal  Analyses:  U—Unadjusted  analyses 

A-Adjusied  analyses 


Stadsdeal  Methods:  GLM— General  linear  models  analysis 

LR-Logisdc  regression  analysis 
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description  of  the  candidate  covariates.  Abbreviations  are  used  extensively  in  the  body  of  the 
table  and  are  defined  in  footnotes. 

Appendix  H  contains  graphic  displays  of  individual  health  endpoint  dependent  variables 
versus  initial  dioxin  for  the  minimal  and  maximal  Ranch  Hand  cohorts,  and  individua’  health 
endpoint  variables  versus  current  dioxin  for  Ranch  Hands  and  Comparisons.  Graphics  for 
dioxin-by-covariate  interactions  determined  by  various  stati  'ical  models  are  also  presented 
in  Appendix  H.  A  guide  to  assist  in  interpreting  the  graphic  is  found  in  Chapter  4. 

In  addition  to  the  participants  who  were  excluded  from  the  psychological  assessment 
due  to  medical  reasons,  dependent  variable  and  covariatc  data  were  missing  for  several 
variables.  Table  9-2  provides  the  number  of  participants  excluded  as  well  as  the  number  of 
participants  with  missing  data. 

RESULTS 
Exposure  Analysis 
Questionnaire  Variables 

Psychoses  (Verified) 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  frequency  of  Ranch  Hands  with  a  verified  history  of 
psychoses  detected  a  marginally  significant  negative  association  with  initial  dioxin  under  the 
minimal  assumption  (Table  9-3  [a]:  Est.  RR=0.64,  p=0.099).  The  percentage  of  Ranch 
Hands  having  verified  cases  of  psychoses  for  the  low,  medium,  and  high  initial  dioxin 
categories  were  4.6,  1.6,  and  2.3  percent.  Based  on  the  maximal  assumption,  there  was  not  a 
significant  association  between  initial  dioxin  and  Ranch  Hands  with  a  verified  incidence  of 
psychoses  (Table  9-3  [b]:  p=0.841). 

After  incorporating  race  anti  education  in  the  model  based  on  the  minimal  assumption, 
the  negative  association  between  initial  dioxin  and  psychoses  was  significant  (Table  9-3  [c]: 
Adj.  RR=0.57,  p=0.042).  The  maximal  adjusted  analysis  of  initial  dioxin  and  psychoses 
remained  nonsignificant  (Table  9-3  [d]:  p=0.647). 


Model  2:  Ranch  Hands  -  Logg  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  based  on  psychoses  with  current  dioxin  and  time  since  tour, 
there  was  not  a  significant  current  dioxin-by-time  interaction  under  either  the  minimal  or  the 
maximal  assumption  (Table  9-3  [e]  and  [fj;  p=0.351  and  p=0.361).  Thus,  under  each 
assumption,  the  estimated  relative  risks  of  the  two  time  strata  did  not  differ  significantly  from 
one  another.  Similarly,  the  adjusted  analysis  exhibited  a  nonsignificant  interaction  between 
current  dioxin  and  tim.e  since  tour  for  both  the  minim.al  and  the  maximal  assumptions  (Table 
9-3  [g]  and  [h]:  p=:0.332  and  p=0.403). 


I 


y 
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TABLE  9-2. 

Number  of  Participants  Excluded  and  With  Missing  Data 
for  the  Psychological  Assessment 


Assumption 

Categorized  Current  Dioxin 

Variable 

Variable 

Use 

(Ranch  Hands  Only) 
Minimal  Maximal 

Ranch 

Hand 

Comparison 

Frightening  Dreams 

DEP 

2 

2 

3 

3 

Talking  in  Sleep 

DEP 

1 

1 

1 

1 

Overall  Sleep  Disorder 
Index 

DEP 

2 

2 

3 

3 

12  SCL-90-R  Variables 

DEP 

52 

82 

88 

93 

20  MCMI  Variables 

DEP 

2 

2 

2 

2 

Current  Alcohol  Use 

cov 

3 

5 

5 

0 

Lifetime  Alcohol  History 

cov 

6 

9 

9 

2 

Education 

cov 

4 

5 

5 

5 

Presence  of  PTSD  (1985) 

EXC 

5 

8 

8 

3 

Pre-SEA  Anxiety 

EXC 

1 

1 

1 

2 

Pre-SEA  Other  Neuroses 

EXC 

4 

8 

8 

6 

COV— Covariate  (missing  data). 

DE?— Dependent  variable  (missing  data). 
EXC— Exclusion. 


TABLE  9-3. 


Analysis  of  Psychoses  (Verified) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

4.6 

0.64  (0.36,1.14) 

0.099 

(n=516) 

Medium 

256  • 

1.6 

High 

130 

2.3 

b)  Maximal 

Low 

182 

0.0 

1.04  (0.70,1.54) 

0.841 

(n=734) 

Medium 

369 

2.7 

High 

183 

1.6 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariatc 

Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 

0J7  (0.31,1.04) 

0.042 

RACE  (p=0.145) 

(n=512) 

EDUC  (p=0.033) 

d)  Maximal 

0.91  (0.59,1.39) 

0.647 

EDUC  (p=0.014) 

(n=729) 

^Relative  risk  for  a  rwofold  increase  in  dioxin. 

Note;  Minimal-- Low:  52-93  ppt;  Mediinn:  >93-292  ppt;  High:  >292  ppC 

Maainui-Low;  25-56.9  ppt;  Medium:  >56.9-213  ppt;  High;  >213  ppt. 


TABLE  9-3.  (Continued) 
Analysis  of  Psychoses  (Verified) 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  Esl  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.l.)^ 

p-Value 

e)  Minimal 

0.35 

(n=516) 

<18.6 

2.8  3.1 

5.6 

0.81  (0.41,1.62) 

0.552C 

(72)  (128) 

(54) 

>18.6 

3.5  1.6 

0.0 

0.42  (0.11,1.57) 

0.197C 

(57)  (129) 

(76) 

f)  Maximal 

0.361  b 

(n=734) 

<18.6 

0.0  3.2 

3.6 

1.27  (0.78,2.08) 

0.334C 

(105)  (190) 

(83) 

>18.6 

0.0  2.3 

0.0 

0.85  (0.40,1.81) 

0.669C 

(78)  (176) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  CI.)a 

^VaJue  Remarks 

g)  Minimal 

0.332b  EDUC  (p= 

=0.038) 

(n=512) 

<18.6 

0.75  (0.37,1.53) 

0.425C 

>18.6 

0.37  (0.10,1.41) 

0.1 46C 

h)  Maximal 

0.403b  EDUC  (p=0.016) 

(n=729) 

<18.6 

1.11  (0.65,1.89) 

0.7  IOC 

>18.6 

0.75  (0.34,1.65) 

0.470C 

‘ReUiive  risk  for  a  twofold  ina  je  in  dioa.in. 

^^est  of  significance  for  homogeneity  of  relative  risks  fcurrenl  dioxin  centinuoua,  time  categorized), 
'^est  of  significance  for  relative  risk  er,ual  to  1  feurrent  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low;  >10-’,  1.65  ppC  Medium:  >14.65-45.75  ppt;  High:  >45,75  ppL 

MMimil-Low:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High;  >33.3  ppL 
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TABLE  9-3.  (Continued) 
Analysis  of  Psychoses  (Verified) 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

BackgFOurxl 

783 

2.7 

All  Categories 

0377 

Unknown 

341 

1.2 

Unknown  vs.  Background 

0.43(0.15,116) 

0.125 

Low 

194 

11 

Low  vs.  Background 

0.76  (016115) 

0.625 

High 

185 

1.6 

High  vs.  Background 

0.60(0.181.03) 

0.409 

Total 

1.503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

Unknown 

Low 

High 

776 

336 

190 

180 

All  Categories 

Unknown  vs.  Background 
Low  vs.  Background 

High  vs.  Background 

030(0.17.1.47) 
0.73  (0151.18) 
0.46(0.13,1.60) 

0385 

0107 

0.578 

0123 

AGE  (p==0.148) 
DRKYR  (p=0.070) 
EDUC  (p=0.086) 

Total 

1,432 

Background  (Comparisona):  Current  Dioxin  ilO  ppt. 
Unknown  (Ranch  Hands);  Current  Dioxin  <10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33_3  ppt. 
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Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  the  percentage  of  participants  with  a  confirmed  incidence  of 
psychoses,  the  contrast  of  the  four  current  dioxin  categories  was  nonsignificant  (Table  9-3 
[i]:  p=0.377).  The  adjusted  analysis  also  failed  to  detect  a  significant  difference  among  the 
percentages  of  verified  psychoses  of  the  four  current  dioxin  categories  (Table  9-3  [jj: 
p=0.385). 

Alcohol  Dependence  (Verified) 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assumptions,  the  unadjusted  and  adjusted 
analyses  displayed  a  nonsignificant  association  between  initial  dioxin  and  alcohol  dependence 
in  Ranch  Hands  (Table  9-4  [a-d];  p>0.40  for  aU  analyses). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  alcohol  dependence  in  Ranch  Hands,  there  was  not  a 
significant  current  dioxin-by-time  since  tour  interaction  for  either  the  minimal  or  maximal 
cohort  (Table  9-4  [e]  and  [fi:  p=0.393  and  p=0. 163).  In  the  adjusted  analysis  of  alcohol 
dependence  in  Ranch  Hands  with  current  dioxin  and  time  since  tour,  the  current  dioxin-by- 
time  interaction  was  again  nonsignificant  under  both  the  minimal  and  the  maximal 
assumptions  (Table  9-4  [gj  and  [hj;  p={).375  and  p=<).  199).  Thus,  under  both  assumptions 
of  the  unadjusted  and  the  adjusted  analyses,  the  relative  risks  of  the  time  strata  did  not  differ 
significantly  from  one  another. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  both  the  unadjusted  and  the  adjusted  analyses  of  the  frequency  of  alcohol  dependence 
in  Ranch  Hands  and  Comparisons,  the  simultaneous  contrast  of  the  four  current  dioxin 
categories  was  not  significant  (Table  9-4  [i]  and  [jj:  p=0.563  and  p=0.444,  respectively). 

Drug  Dependence  (Verified) 

Analyses  of  drug  dependence  with  initial  dioxin,  current  dioxin  and  time  since  tour,  and 
Ranch  Hands  and  Comparisons  by  current  dioxin  category  are  not  presented  due  to  the 
sparse  number  of  participants  with  a  confirmed  history  of  drug  dependence  since  the  end  of 
their  tour.  There  were  .io  Ranc.H  Hands  and  only  two  Comparisons  having  a  verified  historv  of 
drug  dependence  (Table  9-5). 

Anxiety  (Verified) 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Based  on  the  minimal  assumption,  the  unadjusted  analysis  of  verified  anxiety  displayed 
a  nonsignificant  association  between  initial  dioxin  and  the  percentage  of  Ranch  Hands  with  a 
verified  history  of  anxiety  since  the  end  of  their  tour  (Table  9-6  [a];  p=0.159).  However,  the 
maximal  unadjusted  analysis  found  a  significant  positive  association  between  initial  dioxin 
and  Ranch  Hands  with  a  confirmed  hisior;/  of  anxiety  (Table  9-6  [b];  Est.  RR=1.16 
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TABLE  9-4. 


Analysis  of  Alcohol  Dependence  (Verified) 


Ranch  Hands 

•  Log2  (Initial  Dioxin) 

-  Unadjusted 

Initial 

Percent 

Est-  Relative 

Assumption 

Dioxin 

n 

Yes 

Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

10.8 

1.00  (0.76,1.30) 

0.999 

(n=516) 

Medium 

256 

5.9 

High 

130 

8.5 

b)  Maximal 

Low 

182 

3.9 

1.09  (0.89,1.32) 

0.413 

(n=734) 

Medium 

369 

8.9 

High 

183 

7.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  C.pa _ p-Value _ Remarks  ■ 

c)  Minimal  0.94  (0.71,1.24)  0.666  EDUC  (p=0.003) 

(n=512) 

d)  Maximal  1.03  (0.83,1.27)  0.821  AGE  (p=K).091) 

("=■729)  EDUC'(p=o.002) 


‘Relative  risk  for  a  twofold  ir.crease  in  dioxin. 

Note:  Minimal-Low:  52-93  ppt;  .Medium:  >93-292  ppt:  High;  >292  ppc 

Maxim al-Low:  25-56.9  ppt:  .Medium;  >56.9-218  ppu  High;  >218  ppt. 
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tajiiilaib 


TABLE  9-4.  (Continued) 

Analysis  of  Alcohoi  Dependence  (Verified) 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

'lime  Est.  Relative 

(Yrs.)  Low  Medium  High  Risk  (95%  C.I.)^ 

p- Value 

e)  Minimal 

0.393b 

(n=516) 

<18.6 

8.3 

5.5 

7.4 

1.14  (0.73,1.78) 

0.55 1C 

(72) 

(128) 

(54) 

>18.6 

15.8 

5.4 

9.2 

0.89  (0.62,1.27) 

0.529c 

(57) 

(129) 

(76) 

0  Maximal 

0.163b 

(n=734) 

<18.6 

3.8 

5.3 

8.4 

1.27  (0.92,1.77) 

0.151C 

(105) 

(190) 

(83) 

>18.6 

7.7 

10.2 

7.8 

0.94  (0.73,1.22) 

0.657C 

(78) 

(176) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.L)a 

p-Value  Remarks 

g)  Minimal 

0.375b  EDUC  (p=0.003) 

(n=512) 

<18.6 

1.09  (0.69,1,71) 

0.726C 

>18.6 

0.83  (0.57,1.21) 

0.329c 

h)  Maximal 

0.199b  EDUC  (p=0.002) 

(n=729) 

<18.6 

1.16  (0.82,1.64) 

C,40:^c 

>18.6 

0.87 

(0.66.1.14) 

0.320C 

*Re!»uve  risk  for  a  twofold  increase  in  dioxin. 

*^e5t  of  sijnificiince  [or  homogeneity  of  relative  risks  (current  dioxin  continuous,  tim.e  categorized). 
'Tect  of  significance  for  relative  risk  equaj  to  1  (current  dioxin  continuous,  dme  categorized). 

Note:  .Minimai-Low:  >10-U.65  ppu  .Medium:  >14,65-15.75  ppt;  High:  >45.75  ppt. 

Ma.ximai-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt:  High;  >33.3  ppt. 
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TABLE  9-4.  (Continued) 

Analysis  of  Alcohol  Dependence  (Verified) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

Baclcground 

783 

6.0 

All  Categories 

0363 

Unknown 

341 

7J3 

Unknown  vs.  Background 

124  (0.752.05) 

0.404 

Low 

194 

52 

Low  vs.  Background 

0.85  (0.42,l.'/2) 

0.652 

3Tigh 

185 

8.1 

High  vs.  Background 

138  (0.75333) 

0395 

Total 

U03 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

778 

All  Categories 

0.444 

AGE  (p«0.044) 

EDUC  (p-0.010) 

Unknown 

339 

Unknown  vs.  Background 

132(0.793.191 

0.286 

Low 

192 

Low  vs.  Background 

0.81  (0.40,1.64) 

0357 

High 

184 

High  vs.  Background 

1.37  (0.74334) 

0.323 

Total 

1,493 

Note:  Background  (Campsrisona):  Cunent  Dioxin  slO  ppc 

Unknown  (Ranch  Hands):  Current  Dioxin  <;10  ppt 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^3.3  puc 
High  (Ranch  HarcU):  Current  Dioxin  >33.3  ppt 
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TABLE  9-5. 


Analysis  of  Drug  Dependence  (Verified) 


Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin  Percent 

Category _ n _ Yes 


Background 

783 

0.3 

Unknown 

341 

0.0 

Low 

194 

0.0 

High 

185 

0.0 

Total 

U03 

Note:  Baflcground  (Comparisons);  Current  Dioxin  <;10  ppc 

UnJciown  (Rinch  Hands):  Current  Dioxin  5IO  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  ppt. 
High  (Ranch  Hands):  Cui-ent  Dioxin  >33.3  ppt 
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TABLE  9-6. 


Analysis  of  Anxiety  (Verified) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Diorin 

n 

Percent 

Yes 

Esl  Relative 
Risk  (95%  C.L)a 

p-Value 

a)  Minimal 

Low 

129 

13.2 

1.14  (0.95,1.37) 

0.159 

(n=515) 

Medium 

256 

17.6 

High 

130 

20.0 

b)  Maximal 

Low 

182 

14.8 

1.16(1.01,1.34) 

0.034 

(n=733) 

Medium 

368 

14.4 

High 

183 

19.7 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

c)  Minimal 

1.09  (0.90,1.31) 

0.393 

EDUC  (p=0.019) 

(n=511) 

d)  Maximal 

1.09  (0.94,1.26) 

0.256 

EDUC  (p=0.009) 

(n=728) 

*R«lAliv«  risk  for  i  twofold  morrue  in  dioxin. 

Note;  Minimiil-Low:  52-9'  ppq  .Medium:  >93-292  ppt;  High:  >292  ppt 

Maxim>l--Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High;  >218  ppt 


TABLE  9-6.  (Contin^jed) 
Analysis  of  Anxiety  (Verified) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Ycs/(n) 

Current  Dioxin 

Tune  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (957d  C.I.)a 

p-Value 

c)  Minimal 

0.700b 

(n=515) 

<18.6 

15.3 

(72) 

19.5 

(128) 

22.2 

(54) 

1.14  (0.85,1.52) 

0.381C 

f)  Maximal 

>18.6 

8.9 

(56) 

16.3 

(129) 

18.4 

(76) 

1.23  (0.95,1.58) 

0.1  lie 

0.41815 

(n=733) 

<18.6 

11.4 

(105) 

17.4 

(190) 

19.3 

(83) 

1.26  (1.02,1.55) 

0.034C 

>18.6 

15.4 

(78) 

14.9 

(175) 

16.7 

(102) 

1.12  (0.92,1.35) 

0.263C  . 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (93%  C.I.)a 

p-Valuc 

Covariate 

Remarks 

g)  Minimal 
(n=511) 

<18.6 

>18.6 

l.IO  (0.32,1.48) 

1.15  (0.39,1.50) 

0.809>5 

0.522C 

0.279C 

EDUC  (p=0.022) 

h)  Maximal 
(n=728) 

<18.6 

>18.6 

1.18  (0.95,1.48) 

1.04  (0.85.1.23) 

O.399I5 

0.131C 

0.679C 

EDUC  (p=0.010) 

*Relative  rixk  for  a 

twofold  mcrea-xe 

in  dioxin. 

of  significance  for  homo7,'rr!eicy  of  rclidve  risks  (current  dioxin  conunuous,  lime  cticsjorized). 
of  sii;n!fic.ir,c«  for  reUuve  rule  rqual  to  1  (c-orrent  dioxin  conuniioos.  time  catr:;on7;ed). 

Note:  M,Laiml--Low;  >10-14.65  ppt;  Medium:  >14,65-»5.75  ppi;  Hi^h:  >45.75  ppl. 

Mli:mili--Low;  >5-0.01  PP':  .Medium:  >9.01-33.3  ppl;  His-h:  >33.3  ppt. 
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TABLE  9-6.  (Continued) 
Analysis  of  Anxiety  (Verified) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contra.st 

Est  Relative 

Risk  (95%  C.I.) 

p-Value 

Backgnxmd 

781 

15.1 

AH  Categories 

02372 

Unknown 

340 

13.2 

Unknown  vs.  Background 

0.86  (0.59.1.24) 

0.414 

Low 

194 

18.0 

Low  vs.  Background 

1.24  (0.82,1.87) 

0.316 

High 

185 

17.8 

High  vs.  Background 

1.22  (0.80,1.86) 

0.359 

Total 

UOO 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 


Covariate 


Category 

n 

Contrast 

Risk '(95%  C.I.) 

p-Value 

Remarks 

Background 

774 

All  Categories 

0.778 

DRKYR  (p=K).013) 

EDUC  (p=0.030) 

Unknown 

335 

Unknown  vs.  Background 

0.90  (0.61,1.31) 

0.567 

Low 

190 

Low  vs.  Background 

1.15  (0.75,1.76) 

0.518 

High 

180 

High  vs.  Background 

1.08  (0.70,1.68) 

0.727 

Toul 

1,479 

Note:  Background  (Comparisons):  Cunent  Dioxin  ilO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppt 
Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  ^33-3  ppt 
High  (Ranch  Hands):  Cunent  Dioxin  >33 J  ppt 
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p=0.034).  Under  the  maximal  assumption,  the  corresponding  frequencies  of  Ranch  Hands 
with  a  verified  history  of  anxiety  for  the  low,  medium,  and  high  initial  dioxin  categories  were 
14.8,  14.4,  and  19.7  percent. 

After  adjusting  for  education,  neither  the  minimal  nor  the  maximal  analysis  displayed  a 
significant  association  between  initial  dioxin  and  the  frequency  of  Ranch  Hands  with  a 
confirmed  history  of  anxiety  since  the  end  of  their  tour  (Table  9-6  [c]  and  [d]:  p=0.393  and 
p=0.256,  respectively). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  verified  incidence  of  anxiety  in  Ranch  Hands  since  the 
end  of  their  tour,  the  interaction  between  current  dioxin  and  time  since  tour  was  not 
significant  for  eitlicr  the  minimal  or  the  maximal  assumprion  (Table  9-6  [e]  and  [f]:  p=0.700 
and  p=0.418).  However,  under  the  maximal  assumption,  there  was  a  significant  positive 
associarion  between  current  dioxin  and  verified  cases  of  anxiety  for  Ranch  Hands  with  18.6 
years  or  less  since  the  end  of  their  tour  (Table  9-6  [fj:  Est.  RR=1.26,  p=0.034).  The 
percentages  of  Ranch  Hands  with  a  confirmed  history  of  an.xiety  within  this  time  stratum 
were  11.4,  17.4,  and  19.3  percent  for  the  low,  medium,  and  high  current  dioxin  categories. 

After  an  adjustment  for  educadon,  the  analysis  of  verified  anxiety  with  current  dioxin 
and  time  since  tour  did  not  find  a  significant  current  diox  in- by- time  interaction  under  either 
the  minimal  or  the  maximal  assumption  (Table  9-6  [g]  and  [h]:  p=0.809  and  p=0.399). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analysis  of  participants  with  a  history  of  verified 
anxiety  subsequent  to  the  end  of  their  tour,  the  simultaneous  contrast  of  the  four  current 
dioxin  categories  was  not  significant  (Table  9-6  [i]  and  [j]:  p=0.372  and  p=0.778, 
respectively). 

Other  Neuroses  (Verified) 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Based  on  the  minimal  assumption,  the  unadjusted  analysis  did  not  find  a  significant 
association  between  initial  dioxin  and  the  frequency  of  Ranch  Hands  with  a  history  of 
conditions  in  the  “other  neuroses”  category  since  the  end  of  their  tour  (Table  9-7  [a]: 
p=0.268).  In  contrast,  the  maximal  unadjusted  analysis  did  detect  a  significant  positive 
association  betv/een  initial  dioxin  and  Ranch  Hands  with  a  history  of  other  neuroses  (Table 
9-7  [bj:  Est.  RR=1.17,  p=0,004).  The  percentage  of  Ranch  Hands  with  documented  cases  of 
other  neuroses  since  the  end  of  their  tour  becamie  larger  with  increasing  initial  dioxin  (low, 
31.5%;  medium,  43.7%;  high,  46.2%). 


After  the  inclusion  of  lifetime  alcohol  history  ind  education  in  the  model,  the  adjusted 
analysis  did  not  find  a  significant  association  between  initial  dioxin  and  Ranch  Hands  with  a 
history  of  other  confirmed  neuroses  for  either  the  minimal  or  the  maximal  cohort  (Table  9-7 
[c]  and  [d]:  p=0.673  and  p=0.33 1). 
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TABLE  9-7. 


Analysis  of  Other  Neuroses  (Verified) 


Ranch  Hands  •  Log2  (Initial  Dioxin)  >  Unadjusted 


Assumotion 

Initial 

Dioxin 

n 

Percent 

Yes 

Est  Relative 
Risk  (95%  CD^ 

p-Value 

a)  Minimal 

Low 

128 

39.1 

1.08  (0.94,1.25) 

0.268 

(n=512) 

Medium 

255 

45.9 

High 

129 

46.5 

b)  Maximal 

Low 

178 

31.5 

1.17  (1.05,1.30) 

0.004 

(n=726) 

Medium 

366 

43.7 

High 

182 

46.2 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

c)  Minimal 

1.03  (0.89,1.20) 

0.673 

DRKYR  (p=0.(X)3) 

(n=502) 

EDUC  (p=0.001) 

d)  Maximal 

1.06  (0.94,1.19) 

0.331 

DRKYR  (p<0.001) 

(n=712) 

EDUC  (p<0.00i) 

*ReUave  risk  for  i  twofold  Increase  in  dioain. 

Note:  Minimal-Low:  52-93  pjx;  Medium:  >93-292  ppq  High:  >292  ppt. 

Maximal-Low:  25-56.9  ppc  Medium:  >56.9-218  ppt;  High;  >218  ppt. 


TABLE  9-7.  (Continued) 
Analysis  of  Othe:-  Neuroses  (Verified) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

Hi^h 

Risk  (95%  C.L)a 

p-Value 

c)  Minimal 

0.294^ 

(n=512) 

<18.6 

36.1 

(72) 

46.1 

(128) 

53.7 

(54) 

1.20  (0.95,1.51) 

0.1 36C 

f)  Maximal 

>18.6 

38.2 

(55) 

45.3 

(128) 

45.3 

(75) 

1.02  (0.84.1.23) 

0.874C 

0.082^ 

(n=726) 

<18.6 

30.8 

(104) 

42.6 

(190) 

47.0 

(83) 

1.30  (1.09,1.53) 

0.003C 

>18.6 

33.3 

(75) 

47.4 

(173) 

40.6 

(101) 

1.06  (0.92,1.23) 

0.420C 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Tune  Adj.  Relative  Covariate 

Assumption  (Yrs.)  Risk  (95%  C.I.)^ _ p-Value _ Remarks 


g)  Minimal 
(n=502) 

£18.6 

>18.6 

1.15  (0.90,1.47) 

0.97  (0.79,1.19) 

0.282b 

0.252C 

0.765C 

DRKYR  (p=0.002) 
EDUC  (p=0.002) 

h)  Maximal 
(n=712) 

<18.6 

>18.6 

1.18  (0.98,1.41) 

0.97  (0.83,1.14) 

0.112b 

0.075C 

0.731C 

DRKYR  (p<0.001) 
EDUC  (p<0.001) 

'Relauve  riik  for  a  twofold  ir.crea.«  in  dioxin. 

of  significance  for  homogeneity  of  relauve  rislu  (current  dioxin  continuous,  time  categorized). 
‘Test  of  significjmce  for  relative  risi:  equ.-i]  to  I  (current  dioxin  fxmunuoiis,  time  categorized). 

Note:  Miaka.d-1-ow:  >10-14.65  ppq  .Medium;  >14.65-45.75  ppq  High:  >45.75  ppc 

iia.'Um5i--Low;  >5-9.01  ppt;  Medium;  >9.01-33.3  ppt;  High:  >33.3  ppL 
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TABLE  9-7.  (Continued) 
Analysis  of  Other  Neuroses  (Verified) 


i)  Ranch  Hands  and  Compainsons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yea 

Contrast 

Est.  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

777 

37.1 

All  Categories 

0.008 

Unknown 

335 

35J 

Unknown  vs.  Background 

0.94  (0.7Z1.22) 

0.624 

Low 

193 

48.7 

Low  vs.  Background 

1.61  (1.17,2.21) 

0.003 

High 

184 

43J 

High  vs.  Background 

1 J1  (0.94,1.81) 

0.108 

Total 

1,489 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 


Dioxin 

Adj.  Relative 

Covariate 

Caagory 

n 

Contrast 

Risk  (95%  C.I.) 

p-Vaiue 

Remarks 

Background 

770 

All  Categories 

0.024 

DRKYR  (p<0.C01) 

EDUC  (pcO.OOl) 

Unknown 

330 

Unknown  vs.  Background 

1.06(0.81,1.40) 

0.661 

Low 

189 

Low  vs.  Background 

1.65(1.19,230) 
132  (0.87,1.72) 

0.CO3 

High 

179 

High  vs.  Background 

0351 

Total 

1.468 

Note;  Beckgrovind  (Compuisons):  Current  Dioxin  ^10  pp!. 
Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt 
Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  $33  J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt 


Modtl  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  analysis  of  other  neuroses  with  current  dioxin  and  rime  since  tour  did 
not  detect  a  significant  current  dioxin-by-time  interaction  under  the  minimal  assumption 
(Table  9-7  [e]:  p=0.294).  Based  on  the  maximal  assumption,  the  interaction  between 
current  dioxin  and  time  since  tour  was  marginally  significant  (Table  9-7  [f]:  p=0.082).  Under 
this  assumption,  there  was  a  significant  positive  association  between  current  dioxin  and  the 
prevalence  of  conditions  in  the  “other  neuroses”  category  in  Ranch  Hands  with  18.6  years  or 
less  since  tour  (Est  RR=1.30,  p=0.003).  In  contrast,  there  was  a  nonsignificant  positive 
association  between  current  dioxin  and  other  neuroses  for  Ranch  Hands  with  more  tlian  18.6 
years  since  tour  (Est.  RR=1.06,  p=0.420).  The  relative  frequency  of  Ranch  Hands  with  other 
confirmed  neuroses  for  the  time  greater  than  18.6  years  stratum  under  the  maximal 
assumption  were  30.8,  42.6,  and  47.0  for  percent  low,  medium,  and  high  current  dioxin. 

After  adjusting  for  lifetime  alcohol  history  and  education,  both  the  minimal  and  the 
maximal  analyses  of  other  neuroses  displayed  a  nonsignificant  current  dioxin-by-tiine 
interaction  (Table  9-7  [g]  and  [h]:  p=0.282  and  p=0.112,  respectively).  However,  under  the 
maximal  assumption,  there  was  a  marginally  significant  positive  association  between  current 
dioxin  and  the  percentage  of  Ranch  Hands  with  a  history  of  other  neuroses  since  the  end  of 
their  tour  (Table  9-7  [h];  Adj.  RR=1.18,  p=0.075). 


Model  3;  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  “other  neuroses,”  the  simultaneous  contrast  of  the  four 
current  dioxin  categories  was  significant  (Table  9-7  [ij:  p=0.008).  The  relative  frequencies 
of  other  neuroses  for  the  background,  unknown,  low,  and  high  current  dioxin  categories  were 
37.1,  35.5,  48.7,  and  43.5  percent  Specifically,  the  percentage  of  Ranch  Hands  in  the  low 
current  dioxin  category  having  confirmed  cases  of  other  neuroses  was  significantly  higher 
than  the  corresponding  percentage  of  Comparisons  in  the  backgiOund  category  (Est 
RR=1.61,95%  C.I.;  [1.17,2.21],  p=0.003). 

After  adjusting  for  lifetime  alcohol  history  and  education,  the  analysis  detected  a 
significant  difference  in  the  frequencies  of  other  neuroses  among  the  four  current  dioxin 
categories  liable  9-7  [j]:  p=0.024).  Similar  to  the  unadjusted  analysis,  the  contrast  of  the 
low  and  background  current  dioxin  categories  was  signif  cant  (Adj.  RR=1  65  95%  C  I  • 
[1.19,2.30],  p=0.003). 

Trouble  Falling  Asleep 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  frequency  of  Ranch  Hands  reporting  trouble  falling  asleep 
was  not  significant  for  either  the  minimal  or  the  maximal  assumption  (Table  9-8  (a!  and  fbl- 
0=0.779  and  p=0.875). 


In  the  adjusted  analysis,  the  minimal  cohon  exhibited  a  marginally  significant  negative 
association  between  trouble  falling  asleep  and  initial  dioxin  (Table  9-8  [cj:  Est.  RR^o'^SO, 
p=0.100).  However,  under  the  maximal  assumption,  the  adjusted  analysis  displayed  a 
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TABLE  9-S. 


Analysis  of  Trouble  Falling  Asleep 


Ranch  Hands  •  Logg  (Initial  Dioxin)  •  Unadjusted 


Initial 

Percent 

Esl  Relative 

Assumption 

Dioxin  n 

Yes 

Risk  (95%  C.I.)a  p- Value 

a)  Minimal 

Low  130 

13.9 

0.97  (0.75,1.24)  0.779 

(n»516) 

Medium  256 

7.0 

High  130 

10.0 

b)  Maximal 

Low  182 

9.9 

1.01  (0.84,1.22)  0.875 

(n=734) 

Medium  369 

8.4 

High  1S3 

9.3 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumotion 

Risk  (95%  C.I.)a 

p-Value  Remarks 

c)  Minimal 

0.80  (0.60,1.05) 

0.100  AGE  (p<0.001) 

(n=506) 

DRKYR  (p=0.018) 
EDUC*ALC  (p=0.030) 

d)  Maximal 

0.88  (0.71,1.07) 

0.192  AGE  (p<0.001) 

(n=720) 

DRKYR  (p=0.017) 
EDUC*ALC  (p=  3.050) 

*RelMive  risk  for  a  rj'ofoW  inerMse  in  diojiin. 

Note:  Minimal-Low:  32-93  ppe  Madiam:  >93-292  pnt;  High;  >292  ppc 

Minimal-Low.  23-56.9  ppt  Medium;  >56.9-218  ppt;  High;  >218  ppc 
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TABLE  9-8.  (Continued) 
Analysis  of  Trouble  Falling  Asleep 


Assumption 

Ranch  Hands  -  Logg  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin _ 

Time  Est.  Relative 

(Yrs.)  Low  Medium  Hitfh  Risk  (95%  C.I.)^ 

p  Value 

c)  Minimal 

0.683b 

(n-516) 

518.6 

12.5 

10.2 

11.1 

0.94  (0.64,1.37) 

0.747= 

(72) 

(128) 

(54) 

>18.6 

10.5 

6.2 

9.2 

1.05  (0.74,1.48) 

0.802= 

(57) 

(129) 

(76) 

f)  Maximal 

0.337b 

(n*734) 

518.6 

6.7 

10.5 

10.8 

1.10  (0.84,1.44) 

0.488= 

(105) 

(190) 

(83) 

>18.6 

9.0 

8.5 

7.3 

0.98  (0.75,1.27) 

0.863= 

(78) 

(176) 

(102) 

Ranch  Hands  ♦  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

TirriC 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Valuc  Remarks 

g)  Minimal 

0.674b  age  (p<0.C01) 

(n=506) 

518.6 

0.74  (0.49.1.11) 

0.1 48=  DRKYR  (p=0.025) 

>18.6 

0.83  (0.56,1.23) 

0.352=  EDUC  (p=O.C87) 

h)  Maximal 

0.359b  age  (p<0.001) 

(n==720) 

<13.6 

0.95  (0.71,1.27) 

0.743=  DRXYR  (p=0.020) 

>18.6 

0.79  (0.59,1.07) 

0.123=  EDUC'ALC  (p=0.049) 

*Reljuive  risk  for  i  twofold  increjue  in  djosin, 

’’Test  of  sit^mTtcxnce  'or  hemogeneir/  of  rtUuve  riski  (current  dioxin  continuous,  time  ciiigorued). 
“Tfs.  of  signiflcmce  for  ruisiive  risk  equii  to  1  Ccurrent  dioxin  continuous,  time  csiegcrized). 

Note:  Mini,T.itl-Low:  >10-14.65  ppq  Medium;  >14.63-15.75  ppt-  High;  >45.75  ppu 

Maxim il-Low:  >5-9.01  ppt;  .Medium;  >9.01-333  ppt;  High:  >33.3  ppu 
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TABLE  9-«.  (Continued) 
Analysis  of  Trouble  Falling  Asleep 


i)  Ranch  Hands  and  Comparisoris  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Catesory 

n 

Percent 

Yes 

Contrast 

Est.  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

783 

111 

All  Categories 

0.144 

Unknown 

341 

9.4 

Unknown  vs.  Background 

0.75  (0.49,1.14) 

0.182 

Low 

194 

11 

Low  vs.  Background 

0J6(0J  1,1.01) 

0.054 

High 

185 

92 

High  vs.  Background 

0.73  (0.43,116) 

0162 

Total 

1^ 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

(vValue 

Covariate 

Remarks 

Backgrtxind 

776 

All  Categories 

0.084 

AGE  fj)»0.(X)3) 

DRKYR  (p-0.004) 

Unknown 

336 

Unknown  vs.  Background 

0,S2  (0J3.’ 26) 

0.360 

EDUC  (p=cO.C64) 

Low 

190 

Low  vs.  Backgrtxind 

0J6  (011,1.02) 

0.057 

High 

180 

High  vs.  Background 

018  (013.1.03) 

0.062 

Total 

1.482 

Note:  Bickgrour.d  (ComprrivTTij):  Current  Dioxin  5IO  ppt 

Uttknown  (Rxnuh  H'uxii):  Current  Dioxin  sIO  ppt 
Low  (Rxnch  Hirii):  13  ppt  <  Current  Dioxin  i33J  ppt. 
High  (Rxnch  Handj);  Current  Dioxm  >33J  ppc 
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nonsignificant  relationship  between  trouble  falling  asleep  and  initial  dioxin  (Table  9-8  [d]: 
p*0.192). 


Model  2:  Ranch  Hands  •  Lcg2  (Current  Dioxin)  end  Time 

In  the  unadjusted  analysis  of  trouble  failing  asleep  based  on  current  dioxin  and  time 
since  tour,  the  iriteracrion  between  current  dioxin  and  time  was  not  significant  for  either  the 
minimal  or  the  maximal  cohort  (Table  9-8  [e]  and  [f):  p=0.683  and  p*0.537);  thus  the 
relationship  between  trouble  falling  asleep  and  current  dioxin  was  not  statistically  different 
between  time  strata  for  either  cohort.  The  associadon  between  trouble  falling  asleep  and 
current  dioxin  within  each  dmc  strarum  was  also  nonsignificant  for  both  the  minimal  and 
maximal  analyses. 

After  adjusting  for  covariate  inforraadon,  the  interaction  between  current  dioxin  and  time 
remained  nonsignificant  under  both  the  minimal  and  maximal  assumptions  (Table  9-8  fg]  and 
[h]:  p=0.674  and  p=0.359).  The  association  between  current  dioxin  and  trouble  falling  asleep 
within  the  time  strata  also  remained  nonsignificant  under  both  assumptions. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  trouble  falling  asleep,  the  simultaneous  contrast  of  the  four 
ct^nt  dioxin  categories  was  not  significant  (Table  9-8  (ij:  p=0.14-l).  However,  the  contrast 
of  the  Ranch  Hands  in  the  low  category  versus  the  Comparisons  in  the  background  categorv 
was  marginally  significant  (Est.  RR=^0.56.  95%  C.I.:  (0.31.1.01],  p®0.054)  w'ith  the 
percentage  of  Ranch  Hands  who  repened  trouble  falling  asleep  lower  than  the  corresponding 
percentage  of  the  Comp;ui3ons.  The  frequencies  of  reported  trouble  falling  xsicep  for 
Comparisons  in  the  bacKground  category  and  Ranch  Hands  in  the  unknown,  low,  and  high 
current  dioxin  categories  were  12.1,  9.4,  7.2,  and  9.2  percent. 


After  adjusting  for  age,  lifetime  alcohol  histor/,  and  education,  there  w.is  a  m.irginai!y 
significant  difference  i.n  the  frequency  of  trouble  falling  asleep  for  panicip.ant.s  in  the  four 
current  dioxin  categories  (Table  9-S’[j];  p^).0,g4).  Similar  lo  the  unadjusted  analvsis.  there 
was  a  marginally  significant  difference  in  the  percentage  of  Ranch  Hands  in  the  low  category 
who  had  trouble  falling  asleep  and  the  percctuage  of  Comparisons  in  the  b.ackground  category 
who  also  reported  trouble  failing  asleep  (Adj.  RR-0  .'^6,  95''c  C.I.:  [0,31.I.021.’pH10.‘i7),  In  ' 
addition,  the  contrast  of  the  Ranch  H.inds  in  the  high  category  versus  the  Comparisons  in  the 
background  category  w.as  of  Ixfrdcrlinc  significance  (.Adj.  RR-/o,58.  95%  C.I.;  [0.33,1.03). 
p--0.()62)  with  the  Ranc.h  Hands  having  a  losvcr  nsk  of  trouble  f.alling  asleep  than  the 
Comp.ari.sons. 


Waking  Up  During  the  .Night 


Model  1:  Ranch  Hands  -  llniiiot  Dioxin) 


Tie  unadjusted  .malysis  of  report.s  i.>f  w.i.king  r.v 
and  the  traximal  assiimpiions  dispiavcd  a  nonsignitlc 
9-9  fa)  and  ;b|:  p-K).4il  .md  p~'').h32.  rrspcctivelv). 


luring  the  night  under  both  the  minima! 
int  asstxsation  wuh  initial  dioxin  (T..!hie 


TABLE  9-9. 


Analysis  of  WaJking  Up  During  the  Night 


Ranch  Hands  -  Logg  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Esl  Relative 
Risk  (95%  CI)^ 

p-Value 

a)  Mlnknal 

Low 

130 

19.2 

0.92  (0.74.1.13) 

0.411 

(n-516) 

Medjum 

256 

12.1 

High 

130 

12.3 

b)  Maxima] 

Low 

182 

14.8 

0.96  (0.82,1.12) 

0.632 

(n-734) 

Medium 

369 

14.4 

High 

183 

12.0 

Ranch  Hands  -  Logg  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  C.I.)^ _ p-Value _  Remarks 


c)  Minimal 

0.87  (0.69,1.09) 

0.212 

EDUC*DRXYR  (p--O.OJ6) 

(n«506) 

d)  Maximal 

0.91  (0.77,1.08) 

0.270 

DRKYR  (p:«O.063) 

(n=»720) 

EDUC  (p=0.104) 

*R«l*irr«  nik  for  •  twofold  merr***  in  tSiorm. 

Not*;  iliamu]--t-ow;  32-93  pf*;  Mwliiun:  pip<;  Hi(;h:  >2?2  ppt 

Mtiimti-Low:  11-56. 9  ppt  Medium;  >36.9-llS  High:  >218  ppt 


TABLE  9-9,  (Continued) 
Analysis  of  Waking  Up  During  the  Night 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Unadjusted 


Percent  Yes/(n) 
Current  Dioxin 


Time 

Est  Relative 

Assumption 

(Yrs.) 

Low  Medium 

Hi  tth 

Risk  (95^0  C.I.)a 

p-Value 

e)  Minimal 

0.772b 

(n»516) 

^18.6 

19.4  12.5 

16.7 

0.97  (0.70,1.34) 

0.838C 

(72)  (128) 

(54) 

>18.6 

17.5  10.9 

11.8 

0.91  (0.67,1.22) 

0.5 17C 

(57)  (129) 

(76) 

0  Maximal 

0.356b 

(0=734) 

£18.6 

13.3  14.2 

16.9 

1.04  (0.83.1.31) 

0.745c 

(105)  (190) 

(83) 

>18.6 

15.4  14.2 

9.8 

0.89  (0.71,1.12) 

0.325c 

(78)  (176) 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yr,.) 

Risk  (95^71  C.I.) 

p-Va!uc 

Remarks 

g)  Minimal 

***« 

CURR*TINiE‘AGE 

(p=0.C02) 

(n=510) 

<18.6 

*  *  *  * 

DRXYR  (p^.003) 

>18.6 

J#  •  4»  * 

h)  Maximal 

*«** 

CT;RR*TT.ME*ALC  (p=0,009) 

(n=720) 

£18.6 

**** 

DRKYR  (p=0.088) 

>18.6 

*  *  «  * 

EDUC  (p=0.128) 

^Rela:ive  r,sk  for  a  twofol.i  ircr-aae  in  dioain. 

*^eil  of  significance  for  homogeneity  of  rclauve  n'.kj  tctirrent  .Jioxin  contir.uour.  tuna  categorized). 

'^est  of  5iitnific.mce  for  relative  rule  -qiial  to  1  tcinren!  diorin  conimumn.  time  c atejoi  .r-i)). 

— ‘Ug^  ic-jrrrnl  dioainl-dy  iirrie-by.covisnate  in-a-raction  (piO.Ol);  adjiijied  reiauve  rule,  confidence  interval,  and  p.v,,!.je 
presented, 

65  rpt:  .M'Tdttjm:  >M  65-15.75  ;Tt;  Miv.h:  >45.75  ;rpt. 

M>JAursil--L*Jw:  >5-'J.0I  ppc  MetJium;  ppt;  >33.3  ppt. 

CL'HR.  i ‘-"'TT'rnt  '.fuxtn) 

TIME;  Ti/rn? 'unc?  rour. 


not 
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TABLE  9>9.  (Continued) 
Analysis  of  Waking  Up  During  the  Night 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

EsL  Relative 
Risk(55%C.I.) 

p-VsJue 

Backgrotud 

783 

14.1 

All  Categories 

0.842 

Unknown 

341 

113 

Unloiown  vs.  Background 

0.86  (0JS9. 1.26) 

0.435 

Low 

194 

12.4 

Low  vs.  Background 

0.86(0.54,139) 

0.543 

High 

185 

13.0 

High  vs.  Background 

0.91  (0.57.1.46) 

0.703 

Total 

1^3 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 

Ri.sk  (93%  C.I.)  p- Value 

Covariatd 

Remarks 

Background 

781 

All  Categories 

0.803** 

DXCATRACE  (paO.O'te) 

AGE  (j>«O.C61) 

Unknown 

338 

Unkiwwn  vs.  Backgroutid 

0.S4  (057.1 34)»»  0370-* 

DRKYR  uxO.OOl) 

Low 

192 

Low  vs.  Background 

0.87(053,1.41)'''  0562" 

High 

181 

High  vs.  Background 

0.98(0.60,1.60)"  0.928" 

Total 

1,492 

••Citcgorizfd  current  dioxin-by-ccrv»ri«te  intcriction  (0.01<ps0.05);  «dju»t«l  rtlwive  risk,  confidence  inierviU.  ind  p-value 
derivod  from  t  model  fiuod  after  deledon  of  Utu  interaetjon. 

Note;  Background  (ConrpanJons):  Current  Dioain  5IO  ppt 
Unkrwwn  (Ranch  HamiaV.  Current  Dioain  ■<;  10  ppc 
Low  (Ranch  Handa);  13  pp<  <  Current  Dioaui  i33J 
High  (Ranch  Hands):  Current  Dtoain  >3333  ppt 
DXCAT;  Cate  jonred  current  dioain. 


Based  on  both  the  minimal  and  the  maximal  assumptions,  the  association  between 
waking  up  during  the  night  and  initial  dioxin  was  also  nonsignificant  after  adjustment  for 
covaiiate  information  (Table  9-9  [c]  and  [d]:  p=0.212  and  p=0.270,  respectively). 


Model  2:  Banch  Hands  -  Lo^2  (Current  Dioxin)  and  Time 

Tlie  current  dioxin-by-time  since  tour  interaction  was  not  significant  in  cither  the 
unadjusted  minimal  or  maximal  analysis  of  waking  up  during  the  night  (Table  9-9  [e]  and  [f]: 
p=0.772  and  p=0.356),  and  the  association  between  waking  up  during  the  night  and  current 
dioxin  within  each  time  stratum  was  also  nonsignificant  under  both  assumptions. 

In  the  adjusted  analysis  under  the  minimal  assumption,  there  was  a  significant 
interaction  among  current  dioxin,  nme,  and  age  (Table  9-9  [g]:  p=0.(X)2).  To  examine  this 
interaction,  associations  between  the  frequency  of  Ranch  Hands  who  reported  waking  up 
during  the  night  and  current  dioxin  arc  presented  separately  for  each  rime  and  age  stratum 
(Appendix  Table  H-1).  For  the  Ranch  Hands  bom  in  or  after  1942,  iic  current  dioxin-by- 
tirae  interaction  was  not  significant  (p=0.136).  There  was  a  nonsignificant  negative 
association  between  current  dioxin  and  waking  up  during  the  night  for  Ranch  Hands  with  18.6 
years  or  less  since  tour  (AdJ.  IlR-0.76,  p=0.258)  and  a  nonsignificant  positive  association  for 
the  time  greater  than  18.6  years  stratum  (Adj.  RR=1.24,  p={).336). 

For  the  older  Ranch  Hands,  there  was  a  significant  current  dioxin-by-time  interaction 
(Appendix  Table  H-1:  p=0.033).  For  this  group  of  Ranch  Hands,  there  was  a  marginally 
significant  negative  association  between  waking  up  during  the  night  and  current  dioxin  for  the 
time  greater  than  18.6  years  stratum  (Adj.  RR=0.61,  p=0.082)  and  a  nonsignificant  positive 
association  with  current  dioxin  for  the  time  less  tlian  18.6  years  time  stratum  (Adi.  RR=1.34. 
p=0.253). 

The  adjusted  analysis  of  the  maximal  cohort  displayed  a  significant  current  dioxin-by- 
timc-by-currcnt  alcohol  use  interaction  (Tabic  9-9  (h):  p=0.009).  Associations  between"  the 
percentage  of  Ranch  Hands  who  icportcd  waking  up  during  the  night  and  current  dioxin  were 
examined  separately  for  each  time  and  current  alcohol  use  stratum  (Appendix  Table  H-1). 

For  those  Ranch  Hands  who  drank  one  or  fewer  dnnks  per  day,  the  current  dioxin-by-time 
interaction  was  nonsignificant  (p=O.909).  For  tho.se  who  drank  more  than  one  drink  per  dav, 
there  was  a  highly  significant  current  dioxin-by-time  since  tour  interaction  (p=0.007) 
indicating  a  difference  in  the  effect  of  current  dioxin  for  the  two  time  strata.  Also,  for  die  time 
greater  than  18.6  years  stratum,  there  was  a  marginally  significant  negative  association 
between  current  dioxin  and  repons  of  waking  up  dtuing  the” night  (Adj.  RR=0.42,  p=0.058) 
and  a  nonsignificant  positive  association  for  the  time  less  than  or  equal  to  18.6  years  stratum 
(Adj.  RR=1.39,  p=0.181). 


Model  3;  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  waking  up  during  the  night,  the  contrast  of  the  four  current 
dioxin  categories  was  not  significant  (Tabic  9-9  [ij:  p=0.842). 
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The  adjusted  analysis  of  waking  up  during  the  night  by  current  dioxin  category  detected 
a  significant  interaction  bcrx’een  categorized  current  dioxin  and  race  (Table  9-9  [j]:  p=0.046). 
To  examine  this  interaction,  separate  analyses  are  presented  for  Blacks  and  non-Blacks  in 
Appendix  Table  H-1.  For  the  Black  stratum,  the  percentages  of  participants  who  reported 
waking  up  during  the  night  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories  were  2.1,  16.7,  0.0,  and  25.0  percent.  The  overall  contrast  of  the  four  current  dioxin 
categories  was  significant  (Appendix  Table  H-1:  p=0.041).  Similarly,  the  contrasts  of  the 
Comparisons  in  the  background  category  and  the  Ranch  Hands  in  the  unknown  and  high 
categories  were  marginally  significant  (Adj.  RR=19.01,  95%  C.I.:  [0.91,396.6],  p=0.057  and 
Adj.  RR=  15.38,  95%  C.I.:  [0.90,263.8],  p=0.059,  respcctively). 

In  the  analysis  of  waking  up  during  the  night  for  the  non-Black  stratum,  the  contrast  of 
the  four  current  dioxin  categories  was  not  significant  (Appendix  Table  H-1;  p=0.632).  The 
percentages  of  participants  who  reported  waking  up  during  the  night  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories  were  14.7,  12.0,  12.7,  and  12.7  percent. 


After  deletion  of  the  categorized  current  dioxin-by-race  interaction  from  the  model,  the 
adjusted  analysis  did  not  detect  a  significant  difference  in  the  frequency  of  repons  of  trouble 
falling  asleep  among  the  four  current  dioxin  categories  (Table  9-9  [j]:  p=0.803). 

Waking  Up  Too  Early  and  Can’t  Go  Back  to  Sleep 

Model  1:  Rauch  Hands  •  Log2  f7/i/ria/  Dioxin) 

Neither  the  unadjusted  minimal  analysis  nor  the  unadjusted  maximal  analysis  detected 
a  significant  association  between  the  frequency  of  Ranch  Hands  who  reponed  waking  up  too 
early  and  not  being  able  to  fall  back  to  sleep  and  initial  dioxin  (Table  9-10  [a]  and  [b]: 
p=0.576  and  p=0.874,  respectively). 


Based  on  the  minimal  assumption,  a  significant  interaction  between  initial  dioxin  and 
age  was  detected  for  the  adjusted  analysis  (Table  9-10  [c]:  p=0.041).  To  examine  this 
interaction,  the  association  between  the  sleep  disorder  of  waking  up  too  early  with  an 
inability  to  go  back  to  sleep  and  initial  dioxin  was  analyzed  separately  for  Ranch  Hands  bom 
in  or  after  1942  and  for  Ranch  Hands  boro  before  1942.  For  the  younger  group  of  Ranch 
Hands,  there  was  a  marginally  significant  negative  association  between  the  aforementioned 
sleep  disorder  and  initial  dioxin  (Appendix  Table  H  I:  \dj.  RR=0.75,  p=0.094).  However, 
for  the  older  group  of  Ranch  Hands,  there  was  a  nonsignificant  positive  association  (Adj. 
RR=1.1 1,  p=0.526).  Without  the  interaction  of  initial  dioxin  and  age  in  the  model,  the 
adjusted  relative  risk  was  nonsignificant  (Table  9-10  [cj:  p=:0.432). 

No  significant  association  between  the  frequency  of  Ranch  Ha,nds  reporting  wakin»  up 
too  early  and  not  being  able  to  fall  back  asleep  and  initial  dioxin  was  detected  for  the  adiusted 
maximal  analysis  (Table  9-10  [d];  p=0.668). 


TABLE  9-10. 


Analysis  of  Waking  Up  Too  Early  and  Can’t  Go  Back  to  Sleep 


Ranch  Hands  -  Log2  (Iniual  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Valuc 

a)  Minimal 

Low 

130 

13.1 

0.94  (0.74,1.18) 

0.576 

(n=516) 

Medium 

256 

10.6 

High 

130 

10.0 

b)  Maximal 

Low 

182 

10.4 

1.01  (0.85,1.21) 

0.874 

(n=73^) 

Medium 

369 

10.8 

High 

183 

9.3 

Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Adjusted 

Adj,  Relative 

Covariate 

Assumption 

Risk  (95' 

ro  C.I.)a 

p-Value  Remarks 

c)  Minimal 

0.91  (0.71,1.16)** 

0.432**  INIT* AGE  (p=0.041) 

(n=510) 

DRKYR  ^p=0.015) 

d)  Maximal 

0.96  (0.79,1.16) 

0.668  DRKYR  (p=0.072) 

(n=720) 

EDUC*ALC  (p=0.035) 

•Relative  risk  for  a  twofold  mcrease  in  dioxin, 

**Lo$2  (initial  dioxin)-by-covariate  interaction  (0.01<pi0.03):  adjusted  relative  risk,  cottfidence  interval,  and  p-vajue 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Minimal-Low:  32-93  ppt;  Medium;  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  23-36.9  ppd  .Medium:  >56,9-218  ppt:  High;  >213  ppt. 

INIT:  Log2  (initial  dioxin). 
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TABLE  9-10.  (Continued) 


Analysis  of  Waking  Up  Too  Early  and  Can’t  Go  Back  to  Sleep 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time 

Esl  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.286b 

(n=516) 

<18.6 

8.3  12J 

13.0 

1.07  (0.75,1.53) 

0.705C 

(72)  (128) 

(54) 

>18.6 

17.5  8.5 

9.2 

0.82  (0.58,1.15) 

0.252C 

(57)  (129) 

(76) 

f)  Maximal 

• 

0.566b 

(n=734) 

10.5  11.1 

12.1 

1.09  (0.85.1.40) 

0.509C 

(105)  (190) 

(83) 

>18.6 

7.7  11.4 

7.3 

0.98  (0.77,1.26) 

0.884C 

(78)  (176) 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Valuc  Remarks 

g)  Minimal 

0.336b  DRKYR  (p=0.013) 

(n=510) 

<18.6 

1.08  (0.75,1.54) 

0.688C 

>18.6 

0.85  (0.61,1.18) 

0.327C 

h)  Maximal 

0.406b  DRKYR  (p=0.057) 

(n=720) 

<18.6 

1.07  (0.32,1.40) 

0.617C  EDUC*ALC  (p=0.033) 

>18.6 

0.91  (0.70,1.20) 

0.5 18C 

•Reluive  mk  for  t  twofold  increjire  in  dioxin. 

of  sijnificinco  for  hotnogeneity  of  relative  rixkx  (current  dioxin  continuous,  time  catego.ized), 
^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  Miauual-Lo''':  >10-14.63  ppq  Medium:  >14.65-13.75  ppc  Higji:  >43.75  ppt. 

Maxi.mal-Low:  >5-9.01  ppt;  .Medium;  >9.01-333  ppt;  High;  >33.3  ppt. 


TABLE  9-10,  (Continued) 

Analysis  of  Waking  Up  Too  Early  and  Can’t  Go  Back  to  Sleep 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

£sl  Relative 

Risk  (95%  C.I.) 

p-Value 

Backgrourd 

783 

11.8 

All  Categories 

0.849 

Unknown 

341 

10.6 

Unknown  vs.  Background 

0.S9  (0.59,03) 

0363 

Lx)w 

194 

lU 

Low  vs.  Background 

0.96  (0J9.1A7) 

0.874 

High 

185 

9.7 

High  vs.  Background 

0.81  (0.48,138) 

0.437 

Total 

1,503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

jvValue 

Covariate 

Remarks 

Background 

781 

All  Categories 

0330 

DRKYR  (fxO.OOl) 

Unknown 

338 

Unknown  vs.  Background 

0.87(033,133) 

0328 

Low 

192 

Low  vs.  Background 

0.94  (037,136) 

0.823 

High 

181 

High  vs.  Background 

0.80  (0.47,138) 

0.422 

Total 

1,492 

Now:  Background  (Comparisons):  Current  Dioxir.  5IO  ppc 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt- 
Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  ^33-3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt 


Model  2:  Ranch  Bands  -  Log2  (Current  Dioxin)  and  Time 

Neither  the  unadjusted  nor  the  adjusted  analysis  of  nonrestorative  sleep  detected  a 
significant  interaction  between  current  dioxin  and  time  since  tour  under  cither  the  minimal  or 
the  maximal  assumption  (Table  9-10  [e-h]:  p>0.25  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  both  the  unadjusted  and  the  adjusted  analyses  of  waking  up  too  early  and  can’t  go 
back  to  sleep,  the  contrast  of  the  four  current  dioxin  categories  was  not  significant  (Table 
9-10  [i]  and  []]:  p=0.849  and  p=0.830,  respectively). 

Waking  Up  Unrefreshed 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  thiadjusted  analysis  performed  under  the  minimal  assumption,  no  significant 
association  was  found  between  the  frequency  of  Ranch  Hands  who  reponed  waking  up 
unrefreshed  and  initial  dioxin  (Table  9-11  [a]:  p=0.213).  For  the  maximal  cohort,  the 
estimated  relative  risk  was  significant  (Table  9-11  [b]:  Est.  RR=1.21,  p=0.027),  indicating  a 
positive  relationship  between  the  sleep  disorder  and  initial  dioxin.  The  associated  relative 
frequencies  of  Ranch  Hands  who  reponed  waking  up  unrefireshed  for  low,  medium,  and  high 
levels  of  initial  dioxin  were  8.2,  8.9,  and  13.1  percent  for  the  maximal  cohort. 

^  After  adjusting  for  covariate  information,  the  analysis  of  the  minimal  cohort  remained 
nonsignificant  (Table  9-11  [c]:  p=0.613).  For  the  maximal  cohort,  after  adjusting  for 
education,  age,  and  lifetime  alcohol  history,  the  association  between  Ranch  Hands  who 
reported  waking  up  unrefreshed  and  initial  dioxin  was  no  longer  significant  rfable  9-11  rdl; 
p=0.336). 


Model  2:  Ranch  Hands  -  Lag2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  frequency  of  reports  of  waking  up  unrefreshed,  the 
interaction  of  current  dioxin  and  time  since  tour  was  not  significant  under  the  minimal 
assumption  (Table  9-11  [ej:  p=0.509),  nor  was  it  si^ificant  under  the  maximal  assumption 
(Table  9-11  [^:  p=0.361).  Thus,  the  estimated  relative  risks  for  the  two  time  strata  under 
each  assumption  ^d  not  differ  significantly  from  one  another.  For  the  maximal  cohort,  the 
positive  association  between  waking  up  unrefreshed  and  current  dioxin  was  significant  within 
the  time  greater  than  18.6  years  stratum  (Est.  RR=1.27,  p=0.030).  The  relative  frequencies 
of  Ranch  Hands  who  reported  waking  up  unrefreshed  strongly  increased  with  current  dioxin 
(low,  6.4%;  medium,  10.2%;  high,  16.7%)  for  this  time  stratum. 


In  the  minimal  adjusted  analysis  of  waking  up  unrefreshed,  there  was  a  significant 
current  dioxin-by-time-by-age  interaction  (Table  9-11  [gj:  p=0.032).  In  order  to  examine 
this  interaction,  separate  analyses  are  presented  for  Ranch  Hands  bom  in  or  after  1942  and 
for  those  bom  before  1942  (Appendix  Table  H-1).  The  current  dioxin-by-time  interaction 
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TABLE  9.IL 


Analysis  of  Waking  Up  Unrefreshed 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Est  Relative 
Risk  (95% 

p-Value 

a)  Minimal 

Low 

130 

10.8 

1.15  (0.93,1.43) 

0.213 

(n=516) 

Medium 

236 

10.2 

High 

130 

13.9 

b)  Maximal 

Ljw 

182 

8.2 

1.21  (1.03.1.43) 

0.027 

(n=734) 

Medium 

369 

8.9 

High 

183 

13.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Viluc 

Covariate 

Remarks 

c)  Minimal 

1.06  (0.85,1.33) 

0.613 

AGE  (p=0.009) 

(n=510) 

DRKYR  (p=0.006) 

d)  Maximal 

1.09  (0.91,1.31) 

0.336 

AGE  (p=0.010) 

(n=720) 

DRKYR  (p=0.021) 

EDUC  (p=0.126) 

^RelflXive  risk  for  s  twofold  mcrease  in  dioxin. 

Note:  Minimsl-Low:  52-93  ppt;  Medium;  >93-292  ppt;  High;  >292  ppL 

Maximal-Low:  25-56.9  ppt;  Medium;  >56.9-213  ppt;  High;  >218  ppL 


TABLE9.il  (Continued) 

Analysis  of  Waking  Up  Unrefreshed 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 
Percent  Ycs/(n) 


Tune 

Assumption  (Yrs.)  Low  Medium  Hieh 


e)  Minimal 

(n=516)  <18.6 

>18.6 


f)  Maximal 

(n=734)  <18.6 

>18.6 


8.3  9.4 

(72)  (128) 

12.3  10.9 

(57)  (129) 


6.7  9.5 

(105)  (190) 


9.5  8.4 

(190)  (83) 

10.2  16.7 

(176)  (102) 


Est  Relative 
Rise  (95%  C.I.)a 


0.99  (0.66,1.48) 
1.16  (0.89,1.52) 

1.07  (0.81,1.43) 
1.27  (1.02,1.57) 


p-Value 

0.509b 

0.950C 

0.272C 


0.36lb 

0.620C 

0.030C 


Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Tune  Adj.  Relative 
Assumption  (Yrs.)  Risk  (95%  C.I.)^ 


D- Value 


Covariatc 


*Rel»tive  riik  for  I  twofold  increase  ijj  dioxin. 

'^est  of  significance  for  homogeneity  of  relative  rislcs  (current  dioxin  continuous,  time  categorized). 

^est  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  lime  categorized). 

**Log2  (current  dioxin)-by-time-by-covariate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
p-vilue  denved  from  i  model  fitted  after  deletion  of  this  interaction. 

Note:  .Vlmij7ial--Low:  >10-14.65  ppe  .Medium:  >14.65-45.75  ppt;  High;  >45.75  ppt. 

MzximaJ— Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 


g)  Minimal 

0.413**b 

C1JRR*TIME*AGE  (p=0.032) 

u  1 

(n=510) 

£18.6 

0.86  (0.56,1.32)** 

0.484*  *c 

DRKYR  (p=0.008) 

>18.6 

1.06  (0.80,1.39)** 

0.705**c 

1 

h)  Maximal 

0.428b 

AGE  (p=0.006) 

y 

(n=720) 

<18.6 

0.96  (0.71,1.30) 

0.783C 

DRKYR  (p=0.026) 

>18.6 

1.11  (0.88,1.40) 

0.364C 

EDUC  (p=0.112) 

1 

i  f: 
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TABLE  9-11.  (Continued) 
Analysis  of  Waiting  Up  Unrcfreshc:* 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

^isL  Relative 

Risx  C.I.^ 

p-Valuc 

Background 

783 

9J 

All  Categories 

0.071 

Uniuiowo 

341 

62 

Unlowwn  VI  Background 

0.64  (0J9.1.O5) 

0.030 

Low 

194 

92 

Low  vs.  Pack.ground 

0.99(0253.1.71) 

0.9S5 

High 

183 

13.0 

High  vs,  Backgrtrund 

1.45  (0.S9.2J7) 

0.139 

Toul 

1.503 

j) 

Ranch  Hands  and 

Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adi.  Relative 

Covariaie 

Category 

n 

Contrast  Ri.si:  (95% 

C.I.)  [vValue 

Remarks 

Background 

776 

All  Categorcs 

0.230 

DRKYR  (p=:0.018) 
RACE’EDUC  00.038) 

Unknown 

336 

Unlowwn  vs.  Background 

0.63  (0J7.1.06) 

0.083 

EDUOALC  (p=0.C12) 

Low 

190 

Lew  vs.  Backgrourd 

0,94  (0.54.1.65) 

0.833 

AGE»ALC  (p=0.019) 

High 

180 

High  vs.  Background 

1.19  (0.71.1.99) 

0519 

Total  1.482 


BJicigrOvmd  (Comptrisons):  Curreni  Dioxin  ilO  ppt 
UnJcno'i^  CR*nch  '.iuvUy.  Current  Dioxin  ^10  ppc 
Lxiw  (R»nch  Hindi):  13  ppt  <  Cunmt  Dioxin  s33  3  ppt 
Hijh  (Ranch  Hindi):  Current  Dioxin  >33J  ppC 


Not*: 


was  not  significant  for  either  the  younger  or  the  older  group  of  Ranch  Hands  {'p=Q.‘221  and 
p=0.393).  For  the  younger  Ranch  Hands,  there  was  a  nonsignificant  negative  association 
between  current  dioxin  and  waking  up  unrefreshed  (Adj.  RR=0.70,  p=0.163)  within  the  less 
than  or  equal  to  18.6  years  time  stratum  and  a  nonsignificant  positive  association  within  the 
greater  than  18.6  years  time  stramm  (Adj.  RR=1.02,  p=--0.902).  In  contrast,  for  the  older 
Ranch  Hands,  there  was  a  nonsignificant  positive  association  between  current  dioxin  and 
reports  of  waking  up  unrefreshed  for  both  time  strata  (<;18.6:  Adj.  RR=1.55,  p=0.257;  >18.6: 
Adj.  RR=1.05,  p=0.832). 

After  excluding  the  current  dioxin-by-time*by-agc  interaction  from  the  model  and 
adjusting  for  only  age  and  lifetime  alcohol  history,  the  association  of  current  dioxin  and  time 
since  tour  with  the  sleep  disorder  of  waiting  up  urjcfieshed  was  still  nonsignificant  (Tabic 
9-11  [g]:  p=0.413). 

The  adjusted  analysis  for  the  maximal  assumption  did  not  display  a  significant  current 
dioxin-by-time  since  tour  interaction  (Table  9-11  [hj:  p=0.428)  and  also  did  not  exhibit  a 
significant  association  wititin  either  time  stratum. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  of  waking  up  'mrefresned  detected  a  marginally  significant 
difference  among  the  percentages  of  participants  who  reported  waking  up  unrefreshed  in  the 
four  current  dioxin  categories  (Table  9-11  (ij:  p=0.071).  The  percentages  for  the  background, 
unknown,  low,  and  high  current  dioxin  catcgoncs  v/ere  9.3,  5.2,  9.3,  and  13.0  percent  The 
contrast  of  Ranch  Hands  in  the  unknown  category  versus  Compari.sons  in  the  background 
category  was  of  borderline  significance  (Est.  RR=^.64,  95%  C.I.:  [0.39,1.06],  p=0.080)  with 
the  percentage  of  Ranch  Hands  who  reponed  waking  up  unrefreshed  lower  than  the 
corresponding  percentage  of  Comparisons. 

In  the  adjusted  analysis  of  waking  up  unrefreshed,  the  overall  contrast  of  the  four 
current  dioxin  categories  was  not  significant  (Table  9-1 1  [j]:  p=0.230).  However,  the  specific 
contrast  of  Ranch  Hands  in  the  unknown  category  versus  Comparisons  in  the  background 
category  was  of  borderline  significance  (Adj.  RR=0.63,  95%  C.I.:  [0.37,1.06],  p=O.083). 

Involuntarily  Falling  Asleep  During  the  Day 

Model  1;  Ranch  Hands  -  Log2  (Initial  Dioxin) 

For  both  minimal  and  .maximal  assumptions,  no  significant  association  was  found 
between  the  percentage  of  Ranch  Hands  who  reponed  involuntarily  falling  asleep  during  the 
day  and  initial  dioxin  in  the  unadjusted  analyses  (Table  9-12  [a]  and  [b]:  p=0.399  and 
p=<).871,  respectively). 


After  adjusting  for  cov,ariate  information,  both  the  minim.ai  and  maximal  an;tlyscs 
displayed  an  interaction  berveen  initial  dioxin  and  race  (Tabic  9-12  (cj  and  [dj;  p^.024  and 
p=0.043,  respectively).  To  investigate  these  interactions,  the  assexiation  between 
involuntarily  falling  asleep  during  the  day  and  initial  dioxin  was  analyzed  separately  for 
Blacks  and  non-Blacks  (Appendix  Table  H-1).  For  the  Black  stratum  of  Doth  the  minimal  and 
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TABLE 


Analysis  of  Involuntarily  Falling  Asleep  During  the  Day 


Ranch  Hands  -  L022  (liiitiaJ  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yc* 

EsL  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

4.6 

0.85  (0.59,1.24) 

0.399 

(n»516) 

Medium 

256 

4.3 

High 

130 

4.6 

b)  Maximal 

Low 

182 

3.9 

1.02  (0.79,1.33) 

0.871 

(n«734) 

Medium 

369 

3.8 

High 

183 

4.9 

Ranch  Hands 

•  J-os: 

(Initial  Dioxin)  -  Adju.stcd 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  CI.P 

p-Value  Remarks 

c)  Minimal 

0.S4  (0.58, 1.22)** 

0.349** 

INIT*RACE  fpt.<0.024) 

(n»5 10) 

DRKYR  (p=r.O.()56) 

d)  Maximal 

1.01  (0.77.1.32)** 

0.940** 

INTT*RAC1I  (p''0.(>13) 

(n=725) 

DRKYR  {p---<).ai9) 

ALC  (p--=0.071) 

ritik  for  i  rwofoid  'i^t'***  m  'iKuin. 

"Lo%2  diojini  hy-co-viririB  ?0.01  05);  rrltiiv?  n»k,  amCnif-nce  iiiirrvtJ,  »rKl 

derivfd  frofn  •  nvxkl  fliiori  'klft.xm  of  'Jiu  Tr.u-ittoon. 

Note:  ili^UJCaal'-l-o*:  32  93  Mwlnim:  >93-292  xv'-  H'gh:  >292 

25-36.9  ;rp<;  MrOit-tm;  >56,9-2lS  p^;  >21i);'pt. 


TABLE  9>I2.  (Ccatinued) 

Analysis  of  Involuntarily  Falling  Asleep  During  the  Day 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin) 

Percent  Ycs/(n) 
Current  Dioxin 

Tuns 

(Yrs.)  Low  Medium  Hir;h 

and  Time  •  Unadjusted 

Esl  Relative 

Risk  (95%  C.I.)a 

p- Value 

c)  Minimal 

0.135b 

(n»3l6) 

£18.6 

4.2  3.9 

7.4 

1.13  (0.67,1.91) 

0.638C 

(72)  (128) 

(54) 

>18.6 

7.0  3.9 

2.6 

0.61  (0.33,1.16) 

0.1 32C 

(57)  (129) 

(76) 

0  Maximal 

0.075b 

(n®”  i'A) 

£18.6 

1.0  4.2 

7.2 

1.21^  (0.88,1.88) 

0.201c 

(103)  (190) 

(83) 

>18.6 

3.9  3.1 

2.9 

0.77  (0.51,1.18) 

0.229c 

(78)  (176) 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adju.stcd 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  f95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.152b  DRKYR  (p=0.081) 

(n=510) 

£18.6 

1.14  (0.67,1.92) 

0.627C 

>18.6 

0.64  (0.35,1.18) 

0.1 53c 

h)  Maximal 

0.084b  Al.C  (p=0,056) 

(n=725) 

<13.6 

1.28  (0.87,1.89) 

0.20SC  DRKYR  (p^ 

=0.061) 

>18.6 

0.73  (0.51,1.19) 

0.248C 

‘Rsliuive  r«ic  for  ■  'n  dwim. 

''Jtn  of  iu;Tiiric»nce  for  tenwnmeiry  of  rrl.iijve  n>U  (c-arrcr7)(  dioTin  coniinuom,  Um«  cutr^orueil). 
‘Te.ir  of  ^iKnirxioce  for  rrltJivir  ri^k  O'jutJ  ia  1  fourrml  diojin  crTniinuoin,  line  ci!P!;on7«l). 
hl^L::;3i-U>w:  >10-I  »  f>5  rpc  Slnliijn:  >14  65-4?. 75  pp<:  Hiith;  >45,75  pjM. 

MiAiCLli  -Low:  >5-9  01  pp<:  .MoJmm;  >9  01 -33.3  ppi:  Hi iih:  >33.3  n’‘- 
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TABLE  9-12.  (Continued) 

Analysis  of  Involuntarily  Falling  Asleep  During  the  Day 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Est  Relative 

Ri.sk  (95'i&  C.I.) 

p-Value 

Background 

783 

3J 

All  Caiegoiies 

0.693 

Unkno'vn 

341 

3J 

Unknown  vs.  Background 

1.02  (0JU04) 

0.952 

low 

194 

2.6 

Low  vs.  Background 

0.74  (028,1.95) 

0243 

High 

183 

4.9 

High  vs.  Background 

1.43  (0.662.10) 

0.362 

Total 

1.303 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

•  Adju.sled 

Current 

Dioxin 

Adj.  Rclaii''e 

Covariaie 

Category 

rt 

Contras;  Risk  (95*^.  C.I.)  p-VaJue 

Reinarlcj 

Bxkground 

776 

All  Categories 

a736 

Unknown 

336 

Unknown  vs.  Background 

1.08  (023220) 

0.837 

Low 

190 

Low  vs.  Background 

0.77  (0292.06) 

0.604 

High 

180 

High  vs.  Background 

1.43(0.(42.17) 

0282 

Total  1.482 


RACE'EDUC  (p=0.005) 
DRKYR'ALC  (p=K).003) 


B»clcgroiin<J  (Comps/ijoru):  COTcnt  Dioxin  ^10  ppt 
Unkrvown  (Rinch  Hancli);  Currcni  Dioxm  ilO  ppc 
Low  (Rinch  IJ  ppi  <  Ciormi  Dioxin  s33-3  ppc 

High  (Rmnch  Hwiili):  CunrTit  Dioxin  >33.3  ppt 


Not*; 


maxima]  cohort,  there  was  only  a  single  report  of  a  Ranch  Hand  involuntarily  falling  asleep 
during  the  day,  and  under  both  assumptions  the  report  occuixcd  in  the  high  initial  dioxin 
category.  Thus,  due  to  the  occurrence  of  a  single  abnormality,  the  relative  risk,  confidence 
interval,  and  p-value  are  not  presented  for  tiic  Black  stratum  of  cither  the  minimal  or  maximal 
analysis. 

For  the  non-Black  Ranch  Hands,  there  was  a  nonsignificant  negative  association 
between  initial  dioxin  a.nd  reports  of  involuntarily  falling  asleep  during  the  day  for  both  the 
minimal  and  the  maximal  analyses  (Appendix  Table  H-1:  p=0.220  and  p=0.852). 

After  deletion  of  the  initial  dioxin-by-racc  interaction  firom  the  minimal  and  the  maximal 
analyses,  there  was  not  a  significant  association  between  initial  dioxin  and  involuntarily  failing 
asleep  during  the  day  (Table  9-12  [c]  and  [d]:  p>0.30  for  each  analysis). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  minimal  unadjusted  analysis  of  reports  of  involuntarily  falling  asleep  during  the  day 
with  current  dioxin  and  time  since  tour  displayed  a  nonsignificant  current  dioxin-by-time 
interaction  (Table  9-12  [e];  p=0.i35).  Under  the  maximal  assumption,  the  unadjusted 
analysis  detected  a  marginally  significant  current  dioxin-by-time  since  tour  interaction  (Tabic 
9-12  [f]:  p=0.075),  indicating  that  the  relationship  between  involuntarily  falling  asleep  during 
the  day  and  cuTcnt  dioxin  differed  marginally  between  time  strata.  For  Ranch  Hands  with 
18.6  years  or  less  since  tour,  there  was  a  nonsignificant  positive  association  between  the 
sleep  disorder  and  current  dioxin  (Est.  RR=1.28,  pM).201),  and  within  the  greater  than  18.6 
yean  time  stratum,  there  was  a  nonsignificant  negative  association  (Est.  RR=0.77,  p=0.229). 


The  results  of  the  adjusted  analyses  were  concurrent  with  those  of  the  unadjusted 
analyses.  Under  the  minimal  assumption,  the  current  dioxin-by-tirne  since  tour  interaction 
was  nonsi^ificant  (Table  9-12  [g]:  p=0.152),  and  the  association  between  current  dioxin  and 
involuntarily  falling  asleep  during  the  day  was  also  nonsignificant  within  each  time  stratum. 
The  adjusted  analysis  based  on  the  maximal  assumption  still  displayed  a  marginally 
significant  current  dioxin- by- time  since  tour  interaction  (Tabic  9-12  [hj:  p=O.084).  Within  the 
less  than  or  equal  to  18.6  years  time  stratum,  there  v.-as  a  nonsignificant  positive  association 
between  current  dioxin  and  reports  of  involuntarily  falling  asleep  during  the  day  (Adj. 
RR=1.2S,  p=0.208).  Also,  for  the  time  greater  than  18.6  years  stratum,  there  was  a 
nonsignificant  negative  association  (Adj.  RR=0.78,  p^.248). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analyses  of  involuntarily  falling  asleep  during 
the  d-ay,  the  simultaneous  contrast  of  the  four  current  dioxin  categories  was  nonsignificant 
(Table  9-12  [i]  and  [jj:  p=0.693  and  p=0.736,  respectively). 
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Great  or  Disabling  Fatigue  During  the  Day 

Model  1:  Ranch  Hands  -  L032  (Initial  Dioxin) 

Neither  the  unadjusted  minimal  nor  the  unadjusted  maximal  analysis  detected  a 
significant  association  betv/een  initial  dioxin  and  the  frequency  of  Ranch  Hands  who  reponed 
having  great  or  disabling  fatigue  during  the  day  (Table  9-13  [a]  and  [b]:  p=0.653  and 
p=0.372,  respectively). 

These  results  did  not  change  after  adjusting  for  education,  age,  and  lifetime  alcohol 
history  (Table  9-13  [c]  and  [d];  p=0.111  and  p=0.421,  respectively). 


Model  2:  Ranch  Ham  -  L022  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  maximal  assumptions,  the  unadjusted  analysis  of  great  or 
disabling  fati.gue  during  the  day  displayed  a  nonsignificant  current  dioxin-by-time  since  tour 
interaction  (Table  9-13  [e]  and  [fj:  p=^.943  and  p=0.386,  respectively)  as  well  as 
nonsignificant  associations  between  current  dioxin  and  great  or  disabling  fatigue  during  the 
day  within  each  time  stratum. 


The  adjusted  analysis  of  the  minimal  cohort  exhibited  a  significant  current  dioxin-by¬ 
time-by-age  interaction  (Tabic  9-13  [g];  p=0.003).  After  stratifying  the  Raiich  Hrnds  by 
age,  there  was  a  nonsignificant  current  dioxin-by-time  since  tour  interaction  for  Ranch  Hands 
bom  in  or  after  1942  (Appendix  Table  H-I:  p=0.526).  A  nonsigniricant  negative  association 
between  current  dioxin  and  great  or  disabling  fatigue  during  the  day  was  detected  for  both 
time  strata  (<18.6:  p=0. 197;  >18.6:  p=0.566).  For  the  older  Ranch  Hands  there  was 
significant  current  dioxin-by-time  interaction  (p=0.(X)8),  but  the  positive  as,  :ciarion  between 
current  dioxin  and  the  sleep  disorder  was  nonsignificant  for  the  time  less  than  or  equal  to  18.6 
years  stratum  (p=0.805).  For  the  time  greater  than  18.6  years  stratum,  only  three  Ranch 
Hands  (all  in  the  low  current  dioxin  category)  reponed  the  sleep  disorder,  therefore,  the 
relative  risk,  confidence  interval,  and  p-value  are  not  prescntca. 


The  adjusted  analysis  under  the  mxximal  assumption  displayed  a  nonsignificant  current 
dioxin-by-time  since  tour  interaction  (Table  9-13  [hj:  p=0.320)  as  well  as  a  nonsignificant 
association  between  current  dioxin  and  gieat  or  disabling  fatigue  during  the  day  within  each 
time  stratum. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Both  the  unadjusted  and  the  adjusted  analysis  of  great  or  disabling  fatigue  during  the 
day  and  categorized  current  dioxin  were  nonsignificant  (Table  9-13  [i]  and  [j]:  p-0.226  and 
p=^.475,  respectively). 

Frightening  Dreams 

Model  1:  Ranch  Hands  -  Log2  (initial  Dioxin) 

The  unadjusted  .analysis  of  the  frequency  of  Ranch  Hands  reporting  frightening  dreams 
was  not  significantly  associated  with  initial  dio.xin  under  the  minimal  assumption  (Table  9-14 


9-55 


TABLE  9-13. 


Analysis  of  Great  or  Disabling  Fatigue  Diiring  the  Day 


Ranch  Hands  -  Logg  (Initial  Dioxin)  •  Unadjusted 


Initial 

Percent 

EsL  Reladve 

Assumption 

Dioxin 

n 

Yes 

Risk  (95%  C.I.)a  p- Value 

a)  Minimal 

Low 

130 

6.2 

0.92  (0.65,1.31)  0.653 

(n=516) 

Medium 

256 

5.5 

High 

130 

2.3 

b)  Maximal 

Low 

182 

2.8 

1.13  (0.87,1.46)  0.372 

(n=734) 

Medium 

369 

4.1 

High 

183 

4.9 

Ranch  Hands 

•  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95‘ 

7o  C.I.)a 

p-Valuc  Remarks 

c)  Minimal 

0.74  (0.50,1.09) 

0.111  AGE  (p=0.085) 

(n=506) 

DRKYR  (p=0.012) 

EDUC  (p=0.039) 

d)  Maximal 

0.89  (0.66,1.19) 

0.421  AGE  (p=0.141) 

(n=720) 

DRKYR  (p=0.018) 

EDUC  (p<0.n01) 

•RcUtive  rijk  for  (  rwofoid  increase  in  dioxin. 

Note:  Minimal-Low:  32-93  ppt;  Medium:  >93-292  ppt;  Hijh;  >292  ppL 

ilaaiBUd-Low:  23-56.9  ppt;  .Medium:  >36.9-218  pp<;  Hijh;  >213  ppt. 
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TABLE  9-13.  (Continued) 

Analysis  of  Great  or  Disabling  Fatigue  During  the  Day 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Yes/(n) 

Current  Dioxin 

Time  Est  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Value 

e)  Minimal 

0.943b 

(n=516) 

<18.6 

4.2 

(72) 

6.3 

(128) 

3.7 

(54) 

0.88  (0.50,1.53) 

0.644C 

f)  Maximal 

>18.6 

7.0 

(57) 

4.7 

(129) 

2.6 

(76) 

0.90  (0.56,1.46) 

0.671C 

0.386b 

(n=734) 

<18.6 

1.0 

(105) 

4.7 

(190) 

4.8 

(83) 

1.25  (0.84,1.87) 

0.265= 

>18.6 

3.9 

(78) 

5.1 

(176) 

2.9 

(102) 

0.99  (0.69,1.42) 

0.948= 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Valuc 

Remarks 

g)  Minimal 

CURR*TIME*AGE 

(n=506) 

<18.6 

**** 

(p=0.003) 

>18.6 

**** 

DRKYR  (p=0.013) 
EDUC  (p=0.038) 

h)  Maximal 

0.320b 

AGE  (p=0.131) 

(n=720) 

<18.6 

1.02  (0.66,1.57) 

0.945= 

DRKYR  (p=0.022) 

>18.6 

0.75  (0.49,1.16) 

0.193= 

EDUC  (p<0.001) 

*Reliiive  risic  for  i  twofold  incie*M  m  diojin. 

^«t  of  jignificance  for  homogeneity  of  relative  rSkj  (cunent  dioain  continuous,  time  categorized). 

“^est  of  significance  for  relative  risk  equal  to  1  fcurrent  dioain  continuous,  time  categorized). 

****Log2  (current  dioain)-by-time-by-covanate  interacuon  (p<0.01);  adjusted  relative  risk,  confidence  interval,  and 
f>-value  not  presented. 

Note:  MilUffl.3j-Low;  >10-14.65  ppq  Medium:  >14.65-45.75  pci;  High:  >45.75  ppL 

MjS1IM1--Low;  >5-'9.0I  ppt;  .Vfedium:  >9.01-33.3  ppt;  High:  >33.3  ppL 
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TABLE  9-13.  (Continued) 

Analysis  of  Great  or  Disabling  Fatigue  During  the  Day 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yea 

Contrast 

£sl  Relative 

Risk  (95%  CJ.) 

p-Value 

Backgrotiraj 

783 

16 

All  Categories 

0326 

Unknown 

341 

Unknown  vs.  Background 

0.68  (0.27.1.72) 

0.418 

Low 

194 

4.6 

Low  vs.  Background 

1.86(0.83.4.14) 

0.131 

High 

185 

3.8 

Hi^  vs.  Background 

130(0.623.60) 

0364 

Total 

1303 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

fvValue 

Covariate 

Remarks 

Background 

776 

All  Categories 

0.475 

AGE  (p=0.023) 

DRKYR  (p=0.015) 

Unknown 

336 

IJninown  vs.  Background 

0.90  (035Z29) 

0.81? 

£DUC  (p=:0.004) 

Low 

190 

Low  vs.  Background 

1.85  (0.82,431) 

0.141 

High 

180 

High  vs.  Background 

0.95  (036Z47) 

0.9C9 

Total 

1,482 

Note:  Bickground  (Compsrisonj):  Current  Draxin  ilO  ppt 

Unknown  (Rmch  Hands);  Current  Dioxin  ^10  FPt- 
Low  (Ranch  Hai«is):  15  ppt  <  Current  Dioxin  s33-3  ppt. 
High  (Ranch  Hands):  Curren’  Dioxin  >333  ppt 
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TABLE  9-14. 


Analysis  of  Frightening  Dreams 


Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Esi.  Relative 
Risk  (95%  C.I.)a 

p- Value 

a)  Minimal 

Low 

130 

3.9 

1.19  (0.88,1.61) 

0.270 

(n=514) 

Medium 

255 

4.3 

High 

129 

7.8 

b)  Maximal 

Low 

182 

1.7 

1.33  (1.04,1.68) 

0.025 

(n=732) 

Medium 

369 

4.1 

High 

181 

6.6 

Ranch  Hands  -  Lcg2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

_ Pi 

Value  Remarks 

c)  Minimal 

1.13  (0.81,1.57)** 

0.486** 

INrr*EDUC  (p=0.046) 

(n=504) 

DRKYR  (p=0.004) 
AGE*ALC  (p=0.003) 

d)  Maximal 

1.27  (0.98,1.65) 

0.072 

DRKYR  (p=0.009) 

(n=723) 

AGE*ALC  (p=0.023) 

*Re!itive  risk  for  i  twofold  increise  in  dioxin. 

**Log2  (initial  dioxin)-by-covariate  intoraciion  {0.01<p^0.05);  adjusted  relative  risk,  confidence  interval,  and  p-vaJue 
denved  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Miainiil--Low;  32-93  ppt;  Medium;  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56.9  ppt;  .Medium;  >56.9-218  ppt;  High:  >218  ppL 
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TABLE  9-14.  (Continued) 
Analysis  of  Frightening  Dreams 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Ycs/(n) 

Current  Dioxin 

Hmc 

Esl  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.I.)a 

p- Value 

e)  Minimal 

0.744b 

(n=514) 

£18.6 

2.8  7.0 

9.6 

1.35  (0.S7;2.09) 

0.179c 

(72)  (128) 

(52) 

>18.6 

5.3  1.6 

6.6 

1.21  (0.77,1.92) 

0.406C 

(57)  (129) 

(76) 

f)  Maximal 

0.379b 

(n=732) 

<18.6 

1.0  4.2 

11.1 

1.56  (1.11,2.19) 

0.01 1C 

(105)  (190) 

(81) 

>13.6 

2.6  2.3 

5.9 

1.24  (0.86,1.79) 

0241C 

(78)  (176) 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p- Value 

Remarks 

g)  Minimal 

**** 

CnjRR*TIME*RACE  (p=0.004) 

{n=508) 

<18.6 

DRKYR  (p<0.001) 

>18.6 

-  **** 

AGE*ALC  (p<0.001) 

h)  Maximal 

0.528**b 

CURR*TIME*RACE  (p=0.046) 

(n=723) 

<18.6 

1.50  (1.03,2. 17)** 

0.033**« 

DRKYR  (p=0.004) 

>18.6 

1.26  (0.85,1.88)*^ 

0.247**c 

AGE*ALC  (p=0.020) 

‘Relirive  risk  for  •  twofold  incresse  in  dioxin. 

'Test  of  significance  for  homojencicy  of  relative  risks  (ctnrent  dioxin  continuous,  titne  categorized). 

“Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

•*Log2  (current  dioxin)-by-time-by.coviriate  interaction  (0.01<p<0.05);  adjusted  relative  risk,  confidence  interval,  and 
j>-va]uc  dcnv-^d  from  a  model  ncted  af’^er  deltdon  of  this  interaciion. 

•***Log2  (current  dioxin)-by-lime-by.covariate  interaction  (piO.Ol);  adjusted  reiaiive  risk,  confidence  interval,  and 
]>-value  not  presented. 

Note;  Miainial-Low;  >10-14.65  ppc  .Medium:  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maiimai-Low;  >5-9.01  ppu  Medium:  >9.01-333  ppu  High;  >33.3  ppt. 
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TABLE  9-14.  (Continued) 
Analysis  of  Frightening  Dreams 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Yes 

Contrast 

Est  Relative 

Risk  (95%  Cl.) 

p-Value 

Baclcground 

7S0 

3.1 

All  Categories 

0.010 

Unknown 

341 

14 

Unknown  vs.  Background 

0.76  (034,1.70) 

0300 

Low 

194 

16 

Low  vs.  BackgrouTid 

0.83(031111) 

0.714 

High 

183 

81 

Hi^  vs.  Background 

2.81  (1.443.48) 

0.002 

Total 

1.498 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  • 

•  Adjusted 

Current 

Dixoin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (95%  C.I.)  p- Value 

Remarks 

Background 

riz 

All  Categories 

0.035 

AGE  (p=O.100) 
DRKYR  (p=0.089) 

Unknown 

338 

Unknown  vs.  Background 

0.80  (0.35.1.80) 

0384 

Low 

192 

Low  vs.  Background 

0.85  (032116) 

0.745 

High 

Toul 

179 

1,487 

High  vs.  Background 

234(1183.02) 

0.007 

Note;  Beckground  (Compirijoru):  Current  Dioxin  <;10  ppt. 
Unknown  (Rxnch  Hands):  Current  Dioxin  ^10  ppc 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppL 


i 


[a]:  p=0.270).  Based  on  the  maximal  assumption,  the  estimated  relative  risk  was  significant 
(Table  9-14  [b]:  Est.  RR=1.33,  p=0.025)  indicating  a  positive  association  between  initial 
ioxin  and  frightening  dreams.  The  associated  relative  frequencies  of  Ranch  Hands  who 
experienced  frightening  dreams  for  the  low,  medium,  and  high  initial  dioxin  categories  of  the 
maximal  cohort  were  1.7,  4.1,  and  6.6  percent. 

Based  upon  the  minimal  assumption,  the  adjusted  analysis  detected  a  significant  initial 
dioxin-by-education  interaction  (Table  9-14  [cj;  p=0.046).  After  stratifying  by  education 
level,  a  nonsignificant  negative  association  was  found  between  initial  dio.xin  and  reports  of 
frightening  dreams  for  Ranch  Hands  with  a  high  school  education  (Appendix  Table  H-1:  Adj. 
RR=0.78,  p=0.321).  A  marginally  significant  positive  association  between  initial  dioxin  and 
frightening  dreams  was  found  for  Ranch  Hands  with  a  college  level  education  (Adj.  RR=1.59, 
p=0.083).  The  relative  frequencies  of  reported  frightening  dreams  for  this  stratum  of  Ranch 
Hands  were  1.5,  4.7,  and  9.5  percent  After  the  deletion  of  the  initial  dioxin-by-education 
interaction,  the  adjusted  minimal  analysis  showed  no  significant  as.sociation  between  initial 
dioxin  and  frightening  dreams  (Table  9-14  [c]:  p=0.486). 

•In  the  maximal  adjusted  analysis,  there  was  a  marginally  significant  positive 
relationship  between  initial  dioxin  and  the  frequency  of  Ranch  Hands  who  had  experienced 
frightening  dreams  (Table  9-14  [d]:  Adj.  RR=1.27,  p=0.072). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  analysis  of  frightening  dreams  under  the  minimal  assumption  detected  a 
nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table  9-14  [c]:  p=0.744)  and  a 
nonsignificant  association  between  current  dioxin  and  reports  of  frightening  dreams  within 
each  time  stramm.  Under  die  maximal  assumotion,  there  was  also  a  nonsignificant  current 
dioxin-by-time  since  tour  interaction  (Table  9-14  [f]:  p=0.379).  However," for  the  time  less 
than  or  equal  to  18.6  years  stratum,  there  was  a  significant  positive  association  between 
current  dioxiii  and  the  frequency  of  Ranch  Hands  who  reported  having  frightening  dreams 
(Est.  RR=1.56,  p=0.011;  relative  frequencies:  low,  1.0%;  medium,  4.2%;  high,  11.1%). 


The  adjusted  analyses  revealed  a  significant  current  dioxin-by-time-by-race  interaction 
for  both  the  minimal  and  maximal  cohorts  (Table  9-14  [g]  and  [h]:  p=0.(X)4  and  p=0.046). 
Stratified  results  are  presented  in  Appendix  Table  H-1.  Tne  Blade  stratum  of  both  the 
minimal  and  maximal  cohorts  contained  only  two  reports  of  frightening  dreams;  thus,  due  to 
the  sparse  number  of  abnormalities,  the  relative  risks,  confidence  intervals,  and  p-values  are 
not  presented  for  these  sarata. 


For  the  non-Black  stratum  of  the  minimal  analysis,  the  current  dioxin-by-time  since 
tour  interaction  was  not  significant  (Appendix  Table  H-1;  p=0.630),  and  the  positive 
association  between  current  dioxin  and  frightening  dreams  was  also  nonsignificant  v'ithin 
each  time  stratum  (<18.6:  p=0.694;  >18.6“  p=0.299).  For  the  non-31ack"stratum  of  the 
maximal  analysis,  the  current  dioxin-by-time  since  tour  interaction  was  also  nonsignificant 
(p=0.723).  Within  the  less  than  or  equal  to  18.6  years  time  stratum,  there  was  a  rnarginally 
significant  positive  association  between  current  dioxin  and  reports  of  frightening  dreams  (Adj 
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RRal.41,  p=0.071).  For  R;'Jich  Hands  with  more  tlian  18.6  years  since  tour,  there  was  a 
nonsignificant  positive  association  (p=0.230). 

For  the  maximal  adjustol  analysis  after  deletion  of  the  current  dtoxin-by-dmc-by-racc 
interaction,  the  current  dioxin-by-iimc  since  tour  interaction  remained  nonsignificant  (Tabic 
9-14  [hj:  p=0.528).  For  Ranch  Hands  with  18.6  years  or  less  since  tour,  there  was  a 
significant  posidvc  associadon  between  current  dioxin  and  the  frequency  of  Ranch  Hands  wh  y 
reported  frightening  dreams  (Adj.  RR=!.50,  p=0.033). 


Mode!  3:  Ranch  Hands  and  Comfarisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  of  frightening  dreams  and  categorized  current  dioxin  detected  a 
significant  difference  among  the  four  current  dioxin  categories  (Table  9-14  [i];  p=0.010).  The 
percentages  of  participants  in  the  background,  unknown,  low,  and  high  current  dioxin 
categories  who  rtponed  having  frightening  dreams  were  3.1,  2.4,  2.6,  and  8.2  percent.  The 
contrast  of  Ranch  Hands  in  the  high  category  and  Comparisons  in  the  background  category 
was  also  significant  (Esl  RR=2.81,  95%  C.I.;  [1.4-1,5.48],  p=0.002)  with  Ranch  Hands 
having  a  higher  risk  of  frightening  dreams  than  the  Comparisons. 

The  overall  contrast  of  the  four  current  dioxin  categories  was  also  significant  for  the 
adjusted  analysis  of  frightening  dreams  (Table  9-14  [j]:  p=O.035).  Similar  to  the  unadjusted 
analysis,  the  percentage  of  Ranch  Hands  in  the  high  ctirrcnt  dioxin  category  who  had 
experienced  frightening  dreams  was  significantly  higher  than  the  corresponding  percentage  of 
Comparisons  (Adj.  RR=2.54,  95%  C.I.t  [1.23,5.02],  p=0.007). 

Talking  in  Sleep 

Model  1:  Ranch  Hands  -  Logg  (initial  Dioxin) 

In  the  unadjusted  analysis  of  the  frequency  of  Ranch  Hands  who  reported  talking  in  their 
sleep,  the  association  with  initial  dioxin  was  not  significant  for  either  the  minimal  or  maximal 
assumption  (Table  9-15  [a]  and  [b]:  p=0.389  and  p=0.112). 


Under  both  the  minimal  and  maximal  assumptions,  the  association  between  repors  of 
Ranch  Hands  who  t-Iic  in  their  sleep  and  inidal  dioxin  also  was  nonsignificant  when  adjusted 
for  covariatc  information  (Table  9-15  [c]  and  [d]:  p=0,924  and  p=0.493,  re,specnvely). 


Model  2:  Ranch  Hands  -  Logj  (Current  Dioxin)  and  Time 

The  associadon  between  cuiTcnt  dioxin  and  the  frequency  of  Ranch  Hands  who  reponed 
talking  in  their  sleep  did  not  differ  significantly  between  dmc  since  tour  strata  for  cither  the 
unadjusted  minimal  or  ma-ximal  analysis  (Table  9-15  [e]  and  [f]:  p=0.728  and  p=0.768). 

This  current  dioxin-by-time  inte-mcrion  remained  nonsignificant  after  adiusrin<j  for 
covariate  information  (Table  9-15  [g]  and  [h]:  p=0.860  -ind'p=0.787,  respeedvelyh 


9-63 


TABLE  9-15. 


Analysis  of  Talking  in  Sleep 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Esl  Relative 
Risk  (95%  C.I.)a 

p-Vaiut 

a)  Minimal 

Low 

130 

6.2 

1.14  (0.85.1.54) 

0.389 

(n=515) 

Mfxbum 

255 

4.3 

High 

130 

6.9 

b)  Maximal 

Low 

182 

2.8 

1.21  (0.96,1.53) 

0.112 

(n=733) 

Medium 

369 

4.6 

High 

182 

6.6 

Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  C.I.)a 

‘  P' 

■Value  Re; 

marks 

c)  Minimal 

1.02  (0.74,1.39)  • 

0.924 

AGE  (p=0.0C4) 

(n=509) 

DRKYR  (p=0.011) 

d.  Maximal 

1.09  (0.86.1.38) 

0.493 

AGE  (p=0.001) 

(n=724) 

DRKYR  (p=0.014) 

*Re!itive  riiit  for  t  twofold  increise  in  dioxin. 

Note:  Minim il-Low:  32-9'*  ppt;  .Medium;  >93-292  ppt  High:  >292  pp*. 

MAaiBUi-t-ow;  23-36.9  ppu  .Medium:  >36.9-218  ppt:  High;  >218  ppt. 
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TABLE  9-15.  (Continued) 
Analysts  of  Talking  in  Sleep 


Ranch  Hands  •  Logg  (Current  Dioxin)  and  Time  •  Unadjusted 

Percent  Yes/(n) 

■  ■  Current  Dio.xm 

Time 

Esl  Relative 

Assumption 

(Yrs.) 

Low  Medium 

Hi-h 

Risk  (95%  C.I.)^  p- Value 

c)  Minimal 

0.728^ 

(n»515) 

£18.6 

8.3  3.9 

9.4 

1.27  (0.82,1.98)  0.286C 

(72)  (128) 

(53) 

>18.6 

7.0  3.1 

5.3 

1.14  (0.74,1.75)  0.550C 

(57)  (129) 

(76) 

0  Maximal 

0.76Sb 

(n«733) 

£18.6 

3.8  4.2 

9.8 

1.31  (0.94,1.83)  0.1 15C 

(105)  (190) 

(82) 

>18.6 

1.3  4.6 

4.9 

1.22  (0.86,1.71)  0.260C 

(78)  (176) 

(102) 

Ranch  Hands  •  Logg  (Current  Dioxin)  and  Tintc  •  Adjusted 

Time 

Adj.  Relative 

C.avariatc 

Assumption 

(Yrs.) 

Risk  (95'7.  C  I.)-i 

p-V.ilne  Rem.irks 

g)  Minimal 

0.860f>  AGE  (p^O.OlO) 

(n=*509) 

£13.6 

1.09  (0.63,1.74) 

0.727C  DRKYR  (p=0.{)0S) 

>18.6 

1.03  (OM.l.M) 

0.‘.H>4C 

h)  Maximal 

0.737b  age  (p-0.004) 

(n=724) 

£18.6 

1.16  (O..S2.1.63) 

0.40(3C  DRKYR  (p^O.Oll) 

>18,6 

1.08  (0.76.1.55) 

().(>6;c 

*ReI*fivc  riik  for  i  twofold  incrratfl  in  dMtin, 

of  for  hCTm)»,rT.ruy  of  irijiive  nsks  (currml  dio«in  c/MMiniuiiu.  lime  c«tf non?e*ll. 

‘^'•51  of  jiroii !c»-oce  f;n'  rrljuve  n..k;  'o  1  fcorrimt  iitH’n  cnniir.ijoiit,  iime  ciiei-oruptl), 

•'^'5'®:  >1()-M  ft.5  pii;  *.!r.lii;m;  > 1 4  tsj  J.V  ;?  tn:^;  H,  j-h,  ;-,m. 

>5  4  0!  .Nfcduon:  01  •  :-3  3  :t':  Hisli;  >33  3  n>l- 


TABLE  9-15.  (Continued) 
Analysis  of  Talking  in  Sleep 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Unadjusted 

Current 

Dioxin 

Percent 

Esl  Relative 

Category 

n 

Yes 

Contrast  Risk  (95%  C.I.) 

p- Value 

Background 

782 

3.6 

All  Categories 

0.131 

Unknown 

S41 

22 

Unknown  vs.  Backgromid  0.90  (0.44, 1 .82) 

0.765 

Low 

194 

16 

Low  vs.  Backgraiixl  0.71  (027,1.87) 

0.491 

High 

184 

7.1 

High  vs.  Background  2.05(1.04,4.03) 

0,038 

Total 

1^1 

j) 

Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contra.st  Rirk  (95%  C.I.)  p-Value 

Remarks 

Background 

715 

All  Categories  OJ32 

ACE  (fxO.OOl) 

RACE  (p^.l40) 

Unknown 

236 

Unknown  vs.  Background  1.03(0.492.15)  0.938 

EDUC'DRK'i'R 

Low 

190 

Low  vs.  Backgroiind  0.67(025.1.78)  0.425 

(pnO.033) 

High 

179 

High  vs.  Background  1.45  (.0. 722.92)  0203 

Total 

1.480 

Note;  BackgTOimd  (ComptniUTns):  CurrCTit  Dioxin  ^10  ppt. 
Unknown  fRwich  Han4*):  Ciirrcnt  Dioxm  ^10  ppc 
Low  (Ktnch  Htnds):  13  ppt  <  Caficiu  Okjiih  ^)3.J  prpL 
High  (Rinch  Cuiimt  Dioxm  >33J  ppt. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  talking  in  sleep,  the  overall  contrast  of  the  four  current 
dioxin  categories  was  not  significant  (Table  9-15  [i]:  p=0.131).  However,  the  percentage  of 
Ranch  Hands  in  the  high  category  who  reported  talking  in  their  sleep  was  significantly  higher 
than  the  percentage  of  Comparisons  in  the  background  category  (Est  RR=2.05,  95%  C.I.; 
[1.04,4.03],  p=O.038).  The  percentages  of  participants  who  reponed  talking  in  their  sleep  for 
the  background,  unknown,  low,  and  high  current  dioxin  categories  were  3.6,  3.2,  2.6,  and  7.1 
percent. 

After  adjusting  for  age,  race,  and  an  cducation-by-lifctime  alcohol  history  interaction, 
the  overall  contrast  remained  nonsignificant  (Table  9-15  [j]:  p=0.532);  the  high  versus 
background  contrast  became  nonsignificant  (p=0.303). 

Sleepwalking 

Model  I:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  under  both  the  minimal  and  the  maximal  assumptions 
displayed  a  nonsignificant  association  petween  initial  dioxin  and  sleepwalking  (Table  9-16 
[a]  and  (bj;  p=0.89‘t  and  p=:0.462,  respectively). 

Alter  adjusting  for  covariate  information,  the  minim.al  analysis  found  a  significant  initial 
dioxin-by-education  interaction  (Tabic  9-16  [cj:  p=0.010).  To  c.xamine  this  interaction,  the 
Ranch  Hands  were  categorized  by  their  education  level.  Stratified  analyses  detected  a 
significant  negative  association  between  initial  dioxin  and  sleepwalking  for  Ranch  Hands  with 
a  high  school  education  (Appendix  Table  H-1;  Adj.  RR--0.38.  p=0.{)49).  The  relative 
frequencies  of  sleepwalking  for  the  low.  medium,  and  high  initial  dioxin  categories  were  6.3, 
1.8,  and  0.0  percent.  For  Ranch  Hands  with  a  college  education,  there  was  a  nonsignificant 
positive  association  between  initial  dioxin  and  sleepwalking  (Adj.  RR=1.57,  p=:0.190). 


Tlie  adjusted  maximal  analysis  displayed  a  nonsignificant  association  between  initial 
dioxin  and  sleepwalking  (Table  9-16  [d];  p=0.779). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Neither  the  un.adjusted  minimal  nor  the  unadjusted  miiximal  analysis  of  sleepwalking 
detected  a  significant  cument  dioxin-by-tirne  since  tour  interaction  (Tabic  9-16  [c)  and  ftf; 
p=0.166  and  p -0.990,  respectively),  flic  ass.oc'iation  between  current  dioxin  and 
sleepwalking  was  also  nonsignificant  within  each  time  stratum. 


The  adjiis'cd  analyses  found  nonsignificant  msults  consistent  with  those  of  the 
unadjusted  analyses  (Tabic  9-16  [g]  and  (h):  p=0,l  1 1  and  p=0.941,  minimal  and  maximal, 
respectively). 
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TABLE  9-16. 


AnaJysis  of  Sleepwalking 


Ranch  Hands  •  Logg  (Initial  Dioxin)  •  Unadjusted 


Initial 

Percent 

Esl  Relative 

Assumption 

Dioxin 

n 

Yes 

Risk  (95%  C.I.)a  p  Value 

a)  Minimal 

Low 

130 

4.6 

1.03  (0.67,1.59)  0.894 

(n-516) 

Medium 

256 

2.0 

High 

130 

2.3 

b)  Maximal 

Low 

182 

0.6 

1.13  (0.82,1.56)  0.462 

(n=734) 

Medium 

369 

3.0 

High 

183 

3.3 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

p-Value  Remarks 

c)  Minimal 

«*«« 

•••*  INIT*EDUC  (p=0.010) 

(n=506) 

AGE  (p=0.046) 

DRKYR  (p=0.060) 

d)  Maximal 

1.05  (0.75,1.48) 

0.779  AGE  (p=0.065) 

(n=«725) 

DRKYR*ALC  (p=0.036) 

•Relitive  risk  for  t  rwcfoU  incresM  in  dioxin. 

••••Logj  (initisi  dioxin)-by-cov«riue  inicrsction  (psO.Ot);  •djusted  relative  risk,  confidence  interval,  and  p-value  not 
presented. 

Note;  Minimal-Low;  J2-93  ppt;  .Medium;  >93-292  pp«;  High;  >292  ppc 

Maximal-Low:  23-56.9  ppt;  .Medi'im:  >36.9-218  ppt;  High;  >218  ppc 


TABLE  9-16.  (Continued) 


Analysis  of  Sleepwalking 


Ranch  Hands  -  Lcg2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Ycs/(n) 

Current  Dioxin 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

Hi-h 

Risk  (95%  C.I.)a 

p-Value 

c)  Minimal 

0.166b 

(n=516) 

<18.6 

6.9 

(72) 

2.3 

(128) 

1.9 

(54) 

0.83  (0.42,1.64) 

0.582C 

0  Maximal 

>18.6 

1.8 

(57) 

1.6 

(129) 

2.6 

(76) 

1.55  (0.85,2.82) 

0.151C 

0.990b 

(n=734) 

<18.6 

1.0 

(105) 

3.2 

(190) 

3.6 

(83) 

1.14  (0.70,1.85) 

0.592C 

>18.6 

2.6 

(78) 

1.1 

(176) 

3.9 

(102) 

1.14  (0.72,1.80) 

0.58 1C 

Ranch  Hands  ■  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=510) 

£18.6 

>18.6 

0.66  (0.31,1.37) 

1.39  (0.75,2.56) 

O.lllb 
0.260C 
0.29 1C 

AGE  (p=0.021) 

DRKYR  (p=0.046) 

h)  Maximal 
(n=725) 

<18.6 

>18.6 

1.03  (0,63,1.68) 

1.05  (0.64,1.73) 

0.94  lb 

0.9 15C 
0.838C 

AGE  (p=0.082) 
DRKYR*ALC  (p=0.037) 

'Relative  risk  for  a  twofold  iocTeaie  in  dioain. 

'’Test  of  sipjficance  fur  homogeneity  of  ;eljtjve  risks  (current  dioxin  continuous,  time  categorized), 
'^est  of  significance  for  relative  risk  equt]  to  1  (current  dioxin  continuous,  tune  categorizeti). 

Note:  Mi.-irr.al-Low:  >10-14.65  ppq  Medium;  >14,65-45.75  ppt:  High:  >45.75  ppt. 

Miiinul--Lc>w:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-16.  (Continued) 


Analysis  of  Sleepwalking 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Cumnt 

Caiegory 

n 

Percent 

Yes 

Contrast 

Est  Relative 

Risk  (95%  C.I.) 

p-Value 

Backgrotind 

783 

IJ 

All  Categories 

0.131 

UnJcnown 

341 

11 

Unknown  vs.  Background 

1.15  (0.461.88) 

0.763 

Low 

194 

OJ 

Low  vs.  Background 

018(0.041.18) 

0126 

High 

185 

3.8  • 

High  vs.  Background 

136  (0.861.43) 

0.102 

Total 

1.503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

jvValue 

Covariate 

Remarks 

Backgrouixl 

776 

All  Categories 

0.416 

RACE  (p=O.056) 

AGE'DRKYR  (p»0.012) 

Unkno’Jvn 

336 

Unknown  vs.  Background 

114(011110) 

0148 

EDUC-DRKYR 

Low 

190 

Low  Vi  Background 

014  (0.04  Z67) 

0108 

(prO.OOT) 

High 

180 

High  Vi  Background 

114  (011412) 

0.436 

Total 

1.482 

Bickground  (Compjuijons):  Current  Dioxin  ilO  ppt. 
Unknown  (Rxnch  Current  Dioxin  ^10  ppc 

Low  (Rench  Hxndj):  13  ppt  <  Current  Diox'jt  ^33  J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 


Note: 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analyses  of  sleepwalking,  the  overall  contrast 
of  the  four  current  dioxin  categories  was  not  significant  (Table  9-16  [i]  and  [j];  p=0.131  and 
p=0.416,  respectively). 

Abnormal  Movement/' Activity  During  the  Night 
Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  assumptions,  the  unadjusted  analyses  investigating  the  association 
between  the  frequency  of  Ranch  Hands  who  reponed  abnormal  movement/activity  during  the 
night  and  initial  dioxin  found  nonsignificant  results  (Table  9-17  [a]  and  [b]:  p=0.613  and 
p=0.126,  respectively).  After  adjusting  for  covariatc  information,  the  association  between 
initial  dioxin  and  the  sleep  disorder  remained  nonsignificant  for  both  minimal  and  maximal 
cohorts  (Table  9-17  [c]  and  [d]:  p^.718  and  p=0.581). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analyses  of  the  association  of  repons  of  abnormal  movement/aenvity 
during  the  night  with  current  dioxin  and  time  since  tour,  there  was  a  nonsignificant  current 
dioxin-by-time  interaction  for  both  the  minimal  and  the  maximal  cohons  (Table  9-17  [e]  and 
[f];  p=^.706  and  p=0.910).  The  association  between  current  dioxin  and  the  sleep  disorder 
was  also  nonsignificant  within  each  time  stratum. 

Consistent  -with  the  unadjusted  results,  the  minimal  and  maximal  adjusted  analyses 
also  exhibited  a  nonsignificant  current  dioxin-by-tim.e  interaction  (Table  9-17  [g]  and  [h]: 
p=:0.499  and  p=0.793,  respectively).  Also,  the  association  between  abnormal 
movement/activity  during  the  night  and  current  dioxin  was  nonsignificant  within  each  time 
stratum. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  and  the  adjusted  analyses  of  abnormal  movement/activity  during  the 
night,  there  were  no  significant  differences  among  the  percentages  of  panicipants  who  ^ 
reported  abnormal  movement/activity  during  the  night  of  the  four  current  dioxin  categories 
(Table  9-17  [i]  and  [jj:  p=0. 118  and  p=0.200,  respectively). 

Sleep  Problems  Requiring  Medication 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Under  both  the  minimal  and  maximal  assum.ptions,  the  unadjusted  analysis  displayed  a 
nor  significam  association  between  initial  dioxin  and  repons  of  sleep  problems  requirin'^* 
mcc.ication  (labie  9-18  [a]  and  [b]:  p=0. 136  and  r=0.193,  respectively). 

For  the  minimal  cohon,  alter  adjusting  for  -iducation,  age,  and  lifetime  alcohol  historv 
there  was  a  significant  negative  association  between  initial  dioxin  and  repons  of  sleep  '  ’ 
problems  requiring  medication  (Table  9-18  fcj:  Adj.  RR=0.47,  p=0.023).  Tlie  unadjusted 
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TABLE  9-17. 


Analysis  of  Abnormal  Movement/Activity  During  the  Night 


Ranch  Hands  -  Log2  {Initial  Dioxin)  -  Unadjusted 

Initial 

Percent 

EsL  Relative 

Assumption 

Dioxin  n 

Yes 

Risk  (95%  C.I.)a  p- Value 

a)  Minimal 

Low  130 

3.9 

1.09  (0.78,1.52)  0.613 

(n-516) 

Medium  256 

4.7 

High  130 

4.6 

b)  Maximal 

Low  182 

1.7 

123  (0.95,1.60)  0.126 

(n=734) 

Medium  369 

3.8 

High  183 

4.9 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

p-Value  Remarks 

c)  Minimal 

0.99  (0.69,1.42) 

0.718  AGE  (p=0.079) 

(n=509) 

RACE*EDUC  (p=0.(X32) 
RACE*ALC  (p=0.013) 

d)  Maximal 

1.08  (0.82,1.44) 

0.581  AGE  (p=0.037) 

(n=729) 

EDUC  (p=0.033) 

*ReUlive  risk  for  i  rwofold  increnie  in  dicrin. 

Note:  Miamud-Lo^  52-93  ppt;  Medium:  >93-292  ppt;  High;  >292  ppc 

Misimai-Low:  25-56.9  ppd  Medium;  >56.9-218  ppt;  High;  >218  ppt 


/ 

/ 


TABLE  9-17.  (Continued) 

Analysis  of  Abnormal  Movement/Activity  During  the  Night 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Yes/(n) 

■  Current  Ehoxin 

Time  Est.  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95^&  C.I.)a 

p-Value 

e)  Minimal 

0.706b 

(n=516) 

<18.6 

2.8 

(72) 

6.3 

(128) 

5.6 

(54) 

1.19  (0.72,1.95) 

0.500C 

f)  Maximal 

>18.6 

7.0 

(57) 

2.3 

(129) 

4.0 

(76) 

1.04  (0.64,1.69) 

0.883C 

0.910b 

(n=734) 

<18.6 

2.9 

(105) 

5.3 

(190) 

3.6 

(83) 

1.27  (0.87,1.84) 

0.210C 

>18.6 

0.0 

(78) 

4.0 

(176) 

2.9 

(102) 

1.31  (0.88,1.94) 

0.178C 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=509) 

£18.6 

>18.6 

1.08  (0.62,1.86) 

0.87  (0.50,1.48) 

0.499b 

0.79  ic 
0.600C 

AGE  (p=0.087) 
RACE*EDUC 

(p=0.002) 

RACE*ALC  (p=0.012) 

h)  Maxima] 
(n=729) 

£18.6 

>18.6 

1.07  (0.72,1.60) 

1.16  (0.76,1.76) 

0.793b 

0.732C 

0.496C 

AGE  (p=0.070) 

EDUC  (p=0.029) 

*Relaiive  risk  for  a  twofold  ircrenic  in  dioain. 

^est  of  significance  for  homogeneity  of  relative  risks  (current  diojtin  continuous,  time  categorized), 
^esl  of  significance  for  relative  risk  ct^uai  to  1  (current  dioxin  continuous,  time  categorized). 

Note:  .Vlinimal-Low:  >10-14.65  p?q  .Medium;  >14,65-45.75  ppt;  High:  >45.75  ppq 

Ma.ximal-Low:  >5-9.01  ppq  .Medium;'  >9.01-33.5  ppt;  High:  >33.3  ppL 
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TABLE  9-17.  (Continued) 

Analysis  of  Abnormal  Movement/Activity  During  the  Night 


Note:  Bickground  (Comparisoru):  Cunent  Dioxin  ilO  ppc 

Unknown  CRanch  Hands);  Cuncu  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  15  pp«  <  Current  Dioxin  s33  J  ppc 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppc 
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TABLE  9-18, 


Analysis  of  Sleep  Problems  Requiring  Medication 


Ranch  Hands  -  Lcg2  (Initio  Dioxin)  -  Unadjusted 

Initial 

Percent 

Esl  Relative 

Assumption 

Dioxin  n 

Yes 

Risk  (95%  C.I.)^  p- Value 

a) 

Minimal 

Low  130 

3.1 

0.63  (0.32,1.23)  0.136 

(n=516) 

Medium  256 

2.0 

High  130 

0.8 

b) 

Maximal 

Low  182 

2.8 

0.76  (0.49,1.18)  0.193 

(n=734) 

Medium  369 

2.2 

High  183 

1.1 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  m%  C.I.)a 

p-Value  Remarks 

c) 

Minimal 

0.47  (0.23,0.97) 

0.023  AGE  (p=0.005) 

(n=506) 

DRKYR  (p=0.082) 

EDUC  (p=0.070) 

d) 

Maximal 

0.61  (0.38,0.99) 

0.032  DRKYR  (p=0.075) 

(n=720) 

EDUC*AGE  (p=0.050) 

•ReUiive  risk  for  a  twofold  increase  in  dioxin. 

Note:  Minimal-- Low:  52-93  ppd  Medium:  >93-292  ppt;  Hijh:  >292  ppc 

Maailiial-Low:  25-56.9  ppt;  Meditun:  >56.9-218  ppt;  High:  >213  ppt. 


TABLE  9-13.  (ConUnued) 

Analysis  of  Sleep  Problems  Requiring  Medication 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Yes/(n) 
Current  Dioxin 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

High 

Esl  Relative 

Risk  (95%  C.I.)a 

p- Value 

e)  Minimal 

0.655b 

(n=516) 

£18.6 

1.4 

(72) 

13 

(123) 

0.0 

(54) 

0.42  (0.10,1.80) 

0.244C 

f)  Maximal 

>18.6 

3.5 

(57) 

13 

(129) 

1.3 

(76) 

0.61  (0.26,1.44) 

0.26 1C 

0.939b 

(n=734) 

<18.6 

1.0 

(105) 

16 

(190) 

0.0 

(83) 

0.72  (0.33,1.56) 

0.403c 

>18.6 

3.9 

(78) 

18 

(176)  • 

1.0 

(102) 

0.69  (0.39,1.24) 

OJI3C 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.ia 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=512) 

£18.6 

>18.6 

0.26  (0.05,1.26) 

0.38  (0.14,1.04) 

0.68lb 

0.095c 

0.060C 

AGE  (p=0.002) 

EDUC  (p=0.061) 

h)  Maximal 
(n=720) 

£18.6 

>18.6 

0.53  (0.23,1,21) 

0.54  (0.29,1.03) 

0.968b 

0.1 32C 
0.064C 

DRKYR  (p=0.117) 
EDUC*AGE  (p=0.048) 

*Reialive  risk  for  s  twofold  mcrosse  in  dioxin, 

^est  of  jignificjncfi  for  homogeneity  of  rtladve  risks  (current  dioxin  continuous,  time  categorized). 
®Te3t  of  significance  for  relative  risk  equal  to  1  (current  dioxin  conlinaous,  lime  categorized). 

Note:  Minimal-- Low:  >10-14.65  ppq  Medium:  >14,65-45.75  ppt;  High:  >45.75  ppt. 

Masiiaal-Low:  >5-9.01  ppt;  Medium;  >9.01-333  ppt;  High;  >333  ppt. 
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TABLE  9-18-  (Continued) 

Analysis  of  Sle*p  Prebiems  Requiring  Medication 


I)  Ranch  Hands  and  Comp^’xiscos  by  Current  Diortin  Category  -  Unadjusted 


Current 

Dioxin 

Cxxgorf 

n 

Percent 

Yea 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Valuc 

Background 

783 

All  Categories 

0368 

Unknown 

341 

1! 

Unknown  vs.  Background 

U5  (0J3  J.45) 

0335 

Low 

194 

2.6 

Low  vs.  Background 

1.70(0.59.4.83) 

0325 

High 

183 

OJ 

High  vs.  Background 

035  (0.053.70) 

0314 

Total 

1.503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 


Dioxin 

Category 

n 

Co.itrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covanatc 

Remarks 

Background 

776 

All  Categories 

0330 

DRKYR  (p=0,102) 

* 

EDUC  (iM).029) 

Unloiown 

336 

Unknown  vs.  Background 

137(0.60,4.07) 

0355 

Low 

190 

Low  vs.  BadtgxxiT.d 

1.62  t:036.4.69) 

0.376 

High 

180 

High  vs.  Background 

039  (0.04336) 

0.237 

Total 

1.482 

^  Note:  3KcV:r,:oun4  (Compunjoni):  Current  Dioxin  ilO  ppL 

y  X  UrJenowr,  CRxnch  Hands);  Current  C'ioam  <10  ppL 

I  Low  (Ranch  Hands);  13  ppt  <  Current  Dioxin  <33  J  ppt. 

High  (Ranch  Hands):  Current  Dioxui  >33-3  ppt 
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■HU  u  ~i«  iriw  T  TO  '"inmi'r  . ’wiuij’wris^gjrait 'TJH-ri'?  f 


percentages  of  Ranch  Hands  who  experienced  sleep  problems  that  required  medication 
decreased  with  increasing  initial  dioxin  levels  (low,  3.17o;  medium,  2.0%;  high,  O.S%).  Under 
the  maximal  assumption,  after  the  adjustment  for  lifetime  alcohol  history  and  an  education- 
by-age  interaction,  there  was  also  a  significant  negative  relationship  between  initial  dioxin 
and  repons  of  sleep  problems  that  required  medication  (Table  9-18  [d]:  Adj.  RR=0.61, 
p=0.032).  The  unadjusted  frequencies  of  Ranch  Hands  who  reported  this  sleep  disorder  for 
the  low,  medium,  and  high  initial  dioxin  categories  were  2.8,  2.2,  and  1.1  percent  in  the 
maximal  cohort 


Model  2:  Ranch  Hands  -  U)g2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  sleep  problems  requiring  medication  performed  under  both 
minimal  and  maximal  assumptions,  the  interaction  between  current  dioxin  and  time  since  tour 
was  not  significant  (Table  9-18  [c]  and  (f);  p=0.655  and  p=0.939.  respectively),  and  the 
association  between  current  dioxin  and  sleep  problems  requiring  medication  was  also 
nonsignificant  within  each  time  stratum. 

After  adiusting  for  age  and  education,  the  minimal  analysis  of  sleep  problems  requiring 
medication  still  displayed  a  nonsignificant  current  dioxin-by-time  interaction  (Tabic  9- IS  [gj: 
p=0.681).  However,  both  time  strata  exhibited  a  marginally  significant  negative  association 
between  current  dioxin  and  the  sleep  disorder  (£18.6:  Adj.  RR=0.26,  p=0.(}95;  >18.6:  Adj. 
RR=0.38,  p=0.060).  For  Ranch  Hands  with  18.6  years  or  less  since  tour,  u^-e  unadjusted 
percentages  of  reponed  sleep  problems  requiring  mcdicabon  for  low,  medium,  and  high 
current  dioxin  were  1.4,  2.3,  and  0.0  percent.  Tnc  corresponding  percentages  of  Ranch  Hands 
with  more  than  18.6  years  since  tour  were  3.5,  2.3,  and  1.3  percent. 

In  the  maximal  analysis  of  sleep  problems  requiring  medication,  the  adjustment  for 
lifetime  alcohol  history  and  an  education-by-age  intcrachon  did  not  change  the  lade  of 
significance  of  the  current  dioxin-by-tim.e  since  tour  interaction  (Table  9-13  [h]:  p-0.968). 
Within  the  time  greater  than  18.6  years  stratum,  there  was  a  marginally  significant  negative 
association  between  current  dioxin  and  the  frequency  of  Ranch  Hands  who  expencnccd  sleep 
problems  requiring  mcdicadon  (Adj.  RR-0.54,  p=0,064).  The  unadjusted  percentages  of 
Ranch  Hands  who  reported  this  sleep  disorder  for  low.  medium,  and  high  current  dioxin  were 
3.9,  2.8,  and  1.0  percent. 


Modei  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Catenary 
.Neither  the  unadjusted  nor  the  adjusted  analysis  of  sleep  problems  requiring  medication 
detected  a  signific.int  difference  among  the  four  current  dioxin  categoncs  (Table  9-18  ji]  ai.d 
[jj:  p=0.368  and  p=0.230,  respectively). 

Snore  Loudly  in  All  Sleeping  Positions 
Model  I:  Ranch  Hands  •  (Inisiai  Dioxin) 

Tne  unadjusted  analysis  of  the  frequency  of  Ranch  Hands  who  reported  that  :hev  snore 
loudly  in  all  sleeping  positions  showed  no  significant  association  svith  initi.al  dioxin  (or  either 
the  minimal  or  maxim.al  cohon  (Table  9-19  [a|  and  (bi:  p='0.629  and  p=0.29()). 
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TABLE  9-19. 


Aiiai/sis  of  Snore  Loudlj  »n  Sleeping  Positions 


Ranch  Hands  -  Log2  (Initi.aJ  Dioxin)  -  Unadjusted 


Assumoticn 

Initial 

Dioxin 

n 

Percent 

Yes 

EsL  Rclaiive 
Risk  (95%  epa 

p-Valuc 

a)  Minimal 

Low 

130 

9.2 

0.94  (0.73.1J1) 

0.629 

(n=516) 

Medium 

256 

9.8 

High 

130 

8.5 

b)  Maximal 

Low 

182 

5.5 

1.11  (0.92.1.34) 

0.290 

(n=734) 

Medium 

369 

8.7 

High 

183 

8.7 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p- Value 

Covariatc 

Remarks 

c)  Minimal 

0.95  (0.72,1.24)- 

0.694** 

INTr*ACE  (p=0.030) 

(n=.509) 

EDUC*ALC  (p=0.C02) 

d)  Maximal 

1.16  (0.94.1.42) 

0.170 

EDUC*DRKYR 

(n=720) 

(p=0.040) 

EDUC*ALC  {p=0.005) 


''RcUtivc  risk  for  i  twofold  incrfti.s>e  tn  dioxin. 

'■•Log^  (initJAl  dioxin)-by'<ov*.T'.*t£  tnicrictjon  (0.01  *^>^0. 05);  fcdnjiijcd  rrUiive  risk,  confidence  ijitervtJ,  ijid  p-vtiu-e 
dkmvffd  from  e  maici  HtiH  *ftcf  drlciion  of  ihn  iricrsi  Ucn. 

Not«;  52-^3  ppt;  Modtum;  >*^3-202  pp<:  >272  pf^L 

M.ajU:ail--Low:  23-56.9  ppt:  Mftdium:  >56.9-218  >218  ppt 


TABLE  9-19.  (Continued) 

Analysis  of  Snore  Loudly  in  All  Sleeping  Positions 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Assumption  (Yrs.' 


'^)  Minimal 

(n=516)  ^18.6 

>18.6 


f)  Maximal 

(n=734)  <18.6 

>18.6 


Percent  Yes/(n) 


Low  Medium 


3.8 
(105) 

3.9 
(78) 


8.6 

(128) 

10.1 

(129) 


7.4 

(190) 

11.9 

(176) 


7.2 

(83) 

9.8 

(102) 


Est  Relative 
Risk  (95%  C.I.)4 


0.96  (0.61,1.52) 
0.85  (0.61,1.17) 


1.10  (0.80,1.52) 
1.07  (0.34,1.36) 


p-Value 


0.665b 

0.866C 

0.320C 
0.89  lb 

0.557c 

0.575c 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  *  .Vdjusled 


Assumption 

g)  Minimal 
(n=509) 


h)  Maximal 
(n=720) 


Time  Adj.  Relative 

(Yrs.)  Risk  (95%  C.I.)a 


:Sl3.6  0.99  (0.61,1.59) 

>18.6  0.88  (0.63,1.22) 


<18.6  1.20  (0.34,1.71) 

>18.6  1.09  (0.34.1.40) 


p-Va!ue 


0.692b 

0.960C 

0.443c 

0.653b 

0.309c 

0.51  ic 


Covariatc 

Remarks 


EDUC*ALC  (r=0,004) 


EDUC*/\LC  (p=0.005) 
EDUC*DRKYR  (p=0.037) 


*ReIsiive  r.(k  for  $  rwofoki  iricr^a.^^  i.n  dioiin. 

of  sijjr.iricinc*  for  horro<-',r;ry  of  ritlci  fctirrern  diotm  conii.'iiioun,  lime  cstfiorirmi). 

"i  if  lismificince  for  reUiivr  fin  ecu*!  to  1  fc'-irrmt  dioii/i  coeiiruour,  umc  csre 

>!0-14 '■,3  ppt;  Medium:  >14  63-15,73  pr<:  >45,75 

Maiaaii-Low:  >5-9.01  ppi;  .Medium:  >9.01-33.3  ppt;  Hii^i:  >33.3  ppt. 


TABLE  9-19.  (Continued) 

Analysis  of  Snore  Loudly  in  Ail  Sleeping  Positions 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Currciit 

Dioxin 

Catei?ory 

n 

Pcrctnt 

Yes 

Contrast 

Est.  Relative 

Risk  (95%  C.I.) 

p-Value 

Backgnxind 

783 

6.9 

All  Categories 

0.114 

Unloiown 

341 

4.7 

Unknown  vs.  Background 

0.66(0J7.1.18) 

0.162 

Low 

194 

9.8 

Low  vs.  Background 

1.47  (0.83.231) 

0.172 

High 

183 

8.7 

Hi^  vs.  Background 

1.28  (0.7  U.29) 

0.409 

Total 

1.503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

776 

All  Categories 

0.(M9 

EDUC’DRKYR  (jkO.OOI) 

Unknown 

336 

Unknown  vs.  Background 

0.54(039,1.00) 

0.050 

Low 

190 

Low  vs.  Background 

134(0.763.39) 

0316 

High 

180 

High  vs.  Backgroufid 

134  (0.743.44) 

0330 

Total  1.432 


Note:  Btckground  (Compixiscna):  Current  Dioxin  ^10  ppt 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppe 
Low  (Ranch  Handa):  13  ppt  <  Current  Dioxin  ^33.3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppu 


Based  on  the  minimal  assumption,  the  adjusted  analysis  of  snoring  loudly  in  all  sleeping 
positions  displayed  a  significant  initial  dioxin-by-age  interaction  (Table  9-19  [cj:  p=0.030). 
This  interaction  was  investigated  by  dichotomizing  the  age  of  the  Ranch  Hards  (Appendix 
Table  H-1).  The  stratified  analyses  found  a  slight  negative  association  between  the  sleep 
disorder  and  initial  dioxin  for  Ranch  Hands  bom  in  or  after  1942  (Adj.  RR=0.72)  and  a  slight 
positive  association  for  those  bem  before  1942  (Adj.  RR=1.30);  however,  these  associations 
were  not  statistically  significant  (p=0.106  and  p=0.165,  respectively).  After  deleting  the 
interaction  from  the  model,  the  relationship  between  initial  dioxin  and  those  who  snore  loudly 
in  all  sleeping  positions  was  nonsignificant  (Table  9-19  [c]:  p=0.694). 

A  nonsignificant  association  was  found  between  initial  dioxin  and  those  who  snore 
loudly  in  all  sleeping  positions  for  the  adjusted  analysis  of  the  maximal  cohort  (Table  9-19 
[d]:  p=0.170). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  and  adjusted  current  dioxin  and  time  since  tour  analyses  of  Ranch 
Hands  who  reported  snoring  loudly  in  all  sleeping  positions  detected  a  ncnsigniftcant  current 
dioxin- by- time  since  tour  interaction  for  both  the  minimal  and  maximal  cohons  (Table  9-19 
[e-h]:  p>0.30  for  all  interaction  and  time  stratum- specific  analyses). 


Model  3;  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  frequency  of  Ranch  Hands  and  Co.mparisons  who 
reported  snoring  loudly  in  all  sleeping  positions,  the  contrast  of  the  four  ernnent  dioxin 
categories  was  not  significant  (Table  9-19  [i]:  p=0. 1 14).  However,  after  adjusting  for  an 
education-by-lifetime  alcohol  history  interaction,  the  simultaneous  contrast  of  the  four  current 
dioxin  categories  was  significant  (Table  9-19  [jj:  p=0.049).  Specifically,  the  contrast  of 
Ranch  Hands  in  the  unknown  category  and  Comparisons  in  the  background  category  was 
significant  (Est.  RR=0.54,  95%  CL:  [0.29,1.00],  p-0.050)  with  the  Ranch  Hands  having  a 
lower  percentage  of  repons  of  snoring  loudly  in  all  sleeping  positions  than  the  Comparisons. 
The  unadjusted  relative  frequencies  of  this  sleep  disorder  for  the  background,  unknown,  low, 
and  high  current  dioxin  categories  were  6.9,  4.7,  9  8,  and  8.7  percent.  ' 

Insomnia 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  analysis  of  the  frequency  of  Ranch  Hands  who  reponed  having  insomnia  did  not 
exhibit  a  significant  association  with  initial  dioxin  for  either  the  unadjusted  minimal  or 
maximal  analysis  (Table  9-20  [a]  and  [b]:  p=0.338  and  p=0.694). 


These  nonsignificant  findings  did  not  change  after  adjusting  for  education  and  lifetime 
alcohol  history  (Table  9-20  [c]  and  [dj:  p=0.154  and  p=0.253,  respectively). 
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TABLE  9-20. 


Analysis  of  Insomnia 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Yes 

Esl  Relative 
Risk  (95%  C.D^ 

p-Value 

a)  Minimal 

Low 

130 

30.0 

0.92  (0.77,1.09) 

0.338 

(n=516) 

Medium 

256 

22.3 

High 

130 

20.0 

b)  Maximal 

Low 

182 

24.7 

0.98  (0.86,1.11) 

0.694 

(n=734) 

Medium 

369 

24.4 

High 

183 

19.7 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 


Assumption 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariate 

Remarks 

c)  Minimal 

0.88  (0.74,1.05) 

0.154 

DRKYR  (p=0.042) 

(n=506) 

EDUC  (p=0.046) 

d)  Maximal 

0.93  (0.81,1.06) 

0.253 

DRKYR  (p=0.144) 

(n=720) 

EDUC  (p=0.022) 

•Relative  for  a  rwofold  incrcaae  in  dioxin. 

Note:  ML!;imaJ--Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

■Maximal-- Low:  25-56,9  ppt;  Medium:  >56.9-218  ppt:  High:  >218  ppt. 


TABLE  9-20.  (Continued) 
Analysis  of  Insomnia 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Yes/(n) 
Current  Dioxin 


Assumotion 

Time 

(Yrs.) 

Low 

Medium 

High 

Esl  Relative 

Risk  (95%  C.I.)^ 

p- Value 

e)  Minimal 

0.4021’ 

(n=516) 

<18.6 

25.0 

(72) 

26.6 

(128) 

25.9 

(54) 

1.02  (0.78,1.33) 

0.883C 

f)  Maximal 

>18.6 

29.8 

(57) 

19.4 

(129) 

18.4 

(76) 

0.87  (0.68,1.12) 

0.283= 

O.O77I’ 

(n=734) 

£18.6 

20.0 

(105) 

24.7 

(190) 

27.7 

(83) 

1.11  (0.92,1.34) 

0.2S3= 

>18.6 

25.6 

(78) 

25.0 

(176) 

15.7 

(102) 

0.88  (0.73,1.05) 

0.156= 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)a 

p-Value 

Covariatc 

Remarks 

g)  Minimal 
(n=506) 

£18.6 

>18.6 

1.00  (0.76,1.30) 

0.84  (0.65,1.08) 

0.347b 

0.978= 

0.165= 

DRKYR  (p=0.031) 
EDUC  (p=0.054) 

h)  Maximal 
(n=720) 

£18.6 

>18.6 

1.07  (0.88,1.30) 

0.83  (0.68,1.00) 

0.058b 

0.502= 

0.051= 

DRKYR  (p=0.132) 
EDUC  (p=0.028) 

*Rel»dve  risk  for  t  twofold  increise  in  dioiin. 

'’Test  of  signifiesnee  for  homogm-ity  of  relstive  risks  (current  diosin  continuous,  time  categorized). 
‘’Test  of  significance  for  rrlaiivs  risk  equal  to  1  (current  dioain  continuous,  time  c-ategorized). 

Note;  Miaiaul-Low;  >10-14,65  ppc  .Medium;  >14.65-45.75  ppq  High;  >45.75  ppt. 
Masiml'-Lo'*':  >5-9.01  ppt;  .Medium;  >9.01-333  ppl;  High;  >33.3  ppt. 


TABLE  9-20.  (Continued) 
Analysis  of  Insomnia 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

D 

Percent 

Yea 

Contrast 

Est.  Relative 

Risk  (95%  C.L) 

p-Value 

Background 

783 

23.8 

All  Categories 

0.810 

Unknown 

341 

21.7 

Unknown  vs.  Background 

0.89  (0.66,121) 

0.453 

Low 

194 

232 

Lew  vs.  Background 

0.97  (0.67,1.41) 

0.870 

High 

185 

21.1 

Hi^  vs.  Background 

0.86(0.58,127) 

0.439 

Total 

1.503 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 


Dioxin 

Adj.  Relative 

Covariate 

n 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

776 

All  Categories 

QMl 

DRKYR  (jxO.OOl) 
EDUC^AGE  (p=0.015) 

Unknown 

336 

Unknown  vs.  Background 

0.92  (0.67,125) 

0J8! 

Low 

190 

Low  vs.  Background 

0.99(0.68,1.44) 

0.944 

High 

180 

High  vs.  Background 

0.85  (0J7,128) 

0.435 

Total 

1,482 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppc 

Unknown  (Ranch  Hands):  Cunent  Dioxin  siO  pot. 
low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ppt 
High  (Ranch  H'mds):  Current  Dioxin  >33  J  ppt 


Model  2:  Ranch  Hands  -  Los2  (Current  Dioxin)  and  Time 

In  the  unadjusted  minimal  analysis  of  insomnia,  the  current  dioxin-by-time  since  tour 
interaction  was  not  significant  (Table  9-20  [e];  p=0.402)  and  neither  was  the  association 
beM’cen  current  dioxin  and  insomnia  within  each  time  stratum.  Under  the  maximal 
assumption,  the  unadjusted  analysis  detected  a  marginally  significant  current  dioxin-by-time 
interaction  (Table  9-20  [f]:  p=0.077).  However,  for  Ranch  Hands  with  18.6  years  or  less 
since  tour,  there  was  a  nonsignificant  positive  association  between  current  dioxin  and  reports 
of  insomnia  (Est.  RR=1.11,  p=0.283),  and  for  Ranch  Hands  with  greater  than  18.6  years  since 
tour,  there  was  a  nonsignificant  negative  association  (Est.  RR=0.88,  p=0.156). 

After  adjusting  for  education  and  lifetime  alcohol  history,  the  minimal  analysis  of 
insomnia  remained  nonsignificant  (Tabic  9-20  [g]:  p=0.347).  In  the  maximal  adjusted 
analysis  of  insomnia,  the  current  dioxin-by-time  interaction  was  again  marginally  significant 
(Table  9-20  [hj:  p=0.058).  Within  the  less  than  or  equal  to  18.6  years  time  stratum,  there 
was  a  nonsignificant  positive  association  between  current  dioxin  and  insomnia  (Adj. 

RR=1.07,  p=0.502)  and  a  marginally  significant  negative  association  between  current  dioxin 
and  insomnia  for  the  time  greater  than  18.6  years  straram  (Adj.  RR=0.83,  p=0.051).  For 
Ranch  Hands  with  more  than  18.6  years  since  tour,  the  percentages  of  reported  insomniacs 
were  about  the  same  for  the  low  and  medium  current  dioxin  categories  (25.6'!^  and  25.0%)  but 
the  percentage  was  much  lower  for  the  high  current  dioxin  category  (15.7%). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analysis  of  insomnia,  the  overall  contrast  of  the 
four  current  dioxin  categories  was  not  significant  (Table  9-20  [i]  and  [j]:  p=0.810  and 
p=0.847,  respectively). 

Overall  Sleep  Disorder  Index 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Based  on  the  unadjusted  analysis  of  the  overall  sleep  disorder  index,  a  composite 
variable  of  the  12  individual  sleep  disorders,  no  significant  association  with  initial  dioxin  was 
detected  for  either  the  minimal  or  the  maximal  cohort  (Table  9-21  [a]  and  [b]:  p=0,476  and 

p=0.662). 


In  the  adjusted  analysis  of  the  overall  sleep  disorder  index,  there  was  still  no  significant 
relationship  with  initial  dioxin  under  either  assumption  (Table  9-21  [c]  and  [d]:  p=0. 178  and 
p=0.528,  respectively). 


Modei  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  the  minimal  and  the  maximal  assumptions,  the  unadjusted  analysis  of  the 
overall  sleep  disorder  index  exhibited  a  nonsignificant  current  dio.xin-bv-time  since  tour 
interaction  (Table  9-21  [e]  and  [f]:  p=0.336  and  p=0.160,  respectively).  The  association 
between  the  overall  sleep  disorder  index  and  current  dioxin  was  also  nonsignificant  within 
each  time  stra-um  under  both  assumptions. 
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TABLE  9-2L 


Analysis  ot  Overall  Sleep  Disorder  Index 


Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Esl  Relative 
Risk  (95^0  C.I.)a 

p-Value 

a)  Minimal 

Low 

130 

41.5 

0.95  (0.82,1.10) 

0.476 

(n=514) 

Medium 

255 

37.3 

High 

129 

33.3 

b)  Maximal 

Low 

182 

35.2 

1.03  (0.92,1.14) 

0.662 

(n=732) 

Medium 

369 

36.0 

High 

181 

35.9 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariatc 


Assumption _ Risk  (95%  C.I.)^ _ p-Vaiue _ Remarks 


c)  Minimal 

0.90  (0.76,1.05) 

0.178 

AGE  (p=0.096) 

(n=504) 

ALC  (p=0.140) 
DRKYR  (p=0.098) 
EDUC  (p=0.014) 

d)  Maximal 

0.96  (0.85,1.08) 

0.528 

AGE  (p=0.050) 

(n=718) 

ALC  (p=0.106) 
DRKYR  (p=0.115) 
EDUC  (p=0.011) 

“Relative  risk  for  t  rwofoki  ir.crejue  in  diox’ 

Note:  Mini  mil- Low:  52-93  ppt;  Medi-  n:  >93-292  ppu  Hi^  >292  ppe 

MaAimal-Low:  25-36.9  ppt;  ‘'odium;  >56.9-218  ppt;  High;  >218  ppc 
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TABLE  9-2L  (Continued) 
Analysis  of  Overall  Sleep  Disorder  Index 


Assumption 

Ranch  Hands  •  Log2  (Current  Dioxin) 

Percent  Abnonnal/(n) 
Current  Dioxin 

Hme 

(Yrs.)  Low  Medium  High 

and  Time  -  Unadjusted 

Esl  Relative 

Risk  (95%  C.I.)a 

p-VaJuc 

e)  Minimal 

0.336b 

(n=514) 

<18.6 

40.3 

38.3 

36.5 

1.05  (0.82,1.33) 

0.717C 

(72) 

(128) 

(52) 

>18.6 

43.9 

35.7 

31.6 

0.90  (0.73,1.10) 

0.290C 

(57) 

(129) 

(76) 

f)  Maximal 

0.160b 

(n=732) 

£18.6 

30.5 

35.8 

43.2 

1.13  (0.95,1.34) 

0.1 62C 

(105) 

(190) 

(81) 

>18.6 

32.1 

39.8 

31.4 

0.96  (0.82,1.12) 

0.586C 

(78) 

(176) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Valuc  Remarks 

g)  Minimal 

0.274b  age  (p=0.105) 

(n=504) 

<18.6 

0.99 

(0.77,1.28) 

0.950C  ALC  (p=0.142) 

>18.6 

0.83 

(0.67,1.03) 

0.091C  DRKYR  (p=0.109) 

EDUC  (p=0.013) 

h)  Maximal 

0.147b  age  (p=0.047) 

(n=718) 

£18.6 

1.05 

(0.88,1.26) 

0.562C  ALC  (p=0.121) 

>18.6 

0.89 

(0.75,1.04) 

0.150C  DRKYR  (p=0.127) 

EDUC  (p=0.013) 

*Rel»live  risk  for  a  rwofold  increase  in  dioxin. 

^est  of  significance  for  homogeneity  of  relative  risks  (aarent  dioxin  continuous,  time  categorized). 
®Test  of  significance  for  relative  risk  equal  to  1  (current  dioxin  continuous,  lime  categorized). 

Note:  Miamil-Low:  >10-14,65  ppu  Medium:  >14.65^5.75  ppq  High:  >45.75  ppt. 

M.liicisl--Low:  >5-9.01  pot;  Medium:  >9.01-33.3  ppq  High;  >333  ppt. 
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TABL^9-2L  (Continued) 
Analysis  of  Overall  Sleep  Disorder  Index 


i)  Ranch  Hr, /ids  and  Comparisons  by  Current  Dioxin  Category  •  Unadjusted 


Currerit 

Dioxin 

Category 

n 

Percent 

Abnormal 

Background 

780 

33,9 

Unknown 

341 

303 

Low 

194 

34.0 

High 

183 

36.6 

Total 

1,498 

_ Contrast _ 

All  Categories 

Unkncwr  vs.  Background 
Low  vs.  Bat-’tground 
High  vs.  Background 


Est  Relative 
Risk  (95%  C.I.) 


0.86(0.65,1.13) 
1.01  (0.72,1.40) 
1.13  (0.81,1  J8) 


j-Value 

0J22 


J)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category _ n 

Background  773 

Unknown  336 

Low  190 

High  178 


Contrast 


AH  Categories 


Adj.  Relative 
Risk  (95%  C.I.) 


Unknown  vs.  Backgiound  0.89(0.67,1.17) 


Low  vs.  Background 
High  vs.  Background 


0.99  (0.71,139) 
1.09  (0.77,135) 


Covariate 

Remarks _ 

DRKYR  (jxO.COl) 
EDUC'AGE  (p=0.017) 


Note;  Background  (Comparisons):  Current  Dioxin  ^10  ppc 
Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  ^33  ppt. 
High  (Rarwh  Hands);  Current  Dioxin  >333  ppt 


i 


After  adjusti  ig  for  education,  age,  lifetinie  alcohol  history,  and  cunent  alcohol  use,  the 
rmnimal  analysis  vf  the  overall  sleep  disorder  index  displayed  a  nonsignificant  interaction 
between  current  dioxin  and  time  since  tour  (Table  9-21  [g]:  p=0.274).  However,  there  was  a 
marginally  significant  negative  association  between  current  dioxin  and  the  overall  sleep 
disorder  index  for  those  Ranch  Hands  in  the  time  greater  than  18.6  years  stratum  (Adj. 
RR=0.83,  p=0.091).  The  unadjusted  frequencies  of  the  overall  sleep  disorder  index  for  low, 
medium,  and  high  current  dioxin  were  43.9,  35.7,  and  31.6  percent  for  this  time  stratum. 

In  the  n-a:timal  adjusted  analysis  of  the  overall  sleep  disorder  index,  the  current  dioxin- 
by-time  since  tour  interaction  was  not  significant  (Table  9-21  [h]:  p=0.147). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
Neither  the  unadjusted  nor  the  adjusted  analysis  detected  a  significant  difference  among 
the  four  current  dioxin  categories  in  the  frequency  of  participants  who  reported  at  least  one 
sleep  disorder  (Table  9-21  [i]  and  [j];  p=0.522  and  p=0.751,  respectively). 

Average  Sleep  Each  Nig.it 

Model  1:  Ranch  Hands  -  Log2  Dioxin) 

In  both  the  unadjusted  and  adjusted  analyses  under  the  minimal  and  maximal 
assumptions,  the  association  ber//cen  initial  dioxin  and  the  average  sleep  each  night  of  the 
Ranch  Hands  was  nonsignificant  (Table  9-22  [a-d];  pK).25  for  each  analysis). 


Model  2:  Ranch  Hands  -  Lxigj  (Current  Dioxin)  and  Time 

The  unadjusted  analyses  of  average  sleep  each  night  for  both  the  minimal  and  maximal 
cohorts  displayed  a  nonsignificant  interaction  between  current  dioxin  and  time  since  tour 
(Table  9-22  [e]  and  [f]:  p=0.758  and  p=0.444,  respectively). 

For  the  adjusted  analyses,  a  significant  current  dioxin-by-time-by-race  interaction  was 
found  under  both  the  minimal  and  maximal  assumptions  (Table  9-22  [g]  and  [h]:  p=0.006 
and  p=0.049).  To  examine  this  interaction,  associations  between  average  sleep  each  night 
and  current  dioxin  were  investigated  separately  for  each  time  and  race  stratum  (Appendix 
Table  H-1). 

For  the  Black  stratum  under  the  minimal  assumption,  there  was  a  significant  current 
dioxin-by-time  since  tour  interaction  (Appendix  Table  H-1;  p=0.006).  The  time  less  than  or 
equal  to  18.6  years  straram  displayed  a  marginally  significant  positive  association  between 
average  sleep  each  night  and  current  dioxin  (p=0.056),  and  a  significant  negative  association 
was  found  for  the  time  over  18.6  years  stratum  (p=0.032).  The  adjusted  mean  average  hours 
of  sleep  each  night  for  Black  Ranch  Hands  with  time  less  than  or  equal  to  18.6  years  "since 
tour  for  low  and  medium  current  dioxin  were  5.90  and  6.92,  with  no  participants  in  the  high 
category.  The  corresponding  adjusted  means  for  Black  Ranch  Hands  with  more  than  18.6 
years  since  tour  were  6.59,  5.98,  and  6.03  hours,  respectively.  The  non-Black  stratum 
exhibited  a  nonsignificant  current  dio>  in-by-time  interaction  (p=0.968),  and  each  time 
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TABLE  9~2Z 


Analysis  of  Average  Sle«p  Each  Night  flours) 


Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  Error)  p-VaJue 

a)  Minimal 

Low 

130 

6.84 

-0.025  (0.041)  0.544 

(n»516) 

Medium 

256 

6.91 

(r2=0.{XI1) 

High 

130 

6.79 

b)  Maxima*. 

Low 

182 

6.95 

-0.033  (0.029)  0.250 

(n=734) 

Medium 

369 

6.91 

(R2=0.002) 

High 

183 

6.79 

Ranch  Hands  -  Logg  (Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin 

n 

Mean 

(Std.  E.Tor) 

p-Value  Ramarks 

c)  Minimal 

Low 

129 

6.53 

-0.006  (0.042) 

0.-890  AGE  (p=0.003) 

(n«512) 

Medium  254 

6.63 

RACE  (p=0.002) 

(R2=0.037) 

High 

129 

6.53 

d)  Maximal 

Low 

181 

6.65 

-0.018  (0.029) 

0.535  AGE  (p=0.017) 

(n=729) 

Medium  366 

6.63 

RACE  (p<0.001) 

(R2=0.028) 

High 

182 

6.55 

Now:  Minimal— Low:  52-93  pp*’  Medium;  >93-292  ppd  High;  >292  ppc 

Miximj-1-Low:  25-56.9  ppt;  Medium;  >56.9-218  pp(;  High:  >213  ppL 
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TABLE  9-22.  (Continued) 

Analysis  of  Average  Sleep  Each  Night  (Hours) 


Ranch  Hands  - 

Log2  (Current  Dioxin)  and  Time  ■ 

•  Unadjusted 

Mean/(n) 

Currem  Dio.'s 

ii 

Time 

Slope 

Assampdon 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error) 

p- Value 

e) 

Minimal 

0.758*’ 

(n-516) 

5ia6 

6.90 

6.73 

6.72 

-0.031(0.06D 

0.644C 

(R^.OO?) 

(72) 

(12S) 

(54) 

>lij6 

7.05 

6.97 

6.80 

-0.058(0.055) 

0.29?: 

(57) 

(129) 

(76) 

f) 

Maximal 

0.444*> 

(n-734) 

:Sl3.6 

7.01 

6.83 

6.70 

•0.069  (0.044) 

0.118= 

CR“3r0.00J) 

(105) 

(190) 

(S3) 

>18.6 

6.88 

7.00 

6.83 

-0.024  (0.039) 

0344C 

(78) 

(176) 

(102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

•  Adjusted 

Adj.  Meaa^(n) 
_ CurrmfPij.xin 

Time 

Ad).  Slope 

Covariate 

Assumption 

(Yn.)  Low 

Medium 

Hiith 

(Std.  Errcf) 

p- Value 

Rcmark.s 

») 

Minimal 

••••  CL"RR*T1ME*RACF. 

(n»516) 

S18.6 

•  ••• 

•  ••• 

••••  (p-oi-axi) 

(R2,o.O*6) 

(72) 

(123) 

(54) 

AGE  (3*0.032) 

>18.6  •••• 

•  ••« 

•  ••« 

•  ••• 

(57) 

(129) 

(76) 

h) 

Maximal 

O.-SfXr**’  CURR*TIM£*RACH 

(n-73-  i 

<18,6  6,71*« 

6J5*» 

6  W 

4).056(0,W5)*« 

o.2i:**<=  (p=r0.o-t9) 

(■R-=0,v''38) 

(105) 

(190) 

(83) 

AGE 

>18  6  6,5-i*« 

6.70** 

6.51— 

■0.007  (0.(y.0)** 

0,.869’'^ 

(78) 

(176) 

(102) 

Mid  uindjird  triTT  lincp  f*ch  r.uhl  vrrjuj  j  dioin, 

*n'r3(  of  5ig7iiric.trce  for  horiKH.Tiriiy  of  I’rrpr*  fcijTrn*  dsojin  ccnanmiui,  i-rne  c Mrs; 'n.’wll, 
of  fr^f  iM>p-  (o  0  'c'jr7*ni  di<iitii  ccr.tjnuxm*.  umf 

•*Lo?2  fcur-mi  d lOt in )>7  --ov McrKium  '0  05);  •d;u«t<-d  -non.  »d:  ;.(t.-d  il.-iy,  umi.'.m-I  rnor.  nod 

cWivfd  from  a  molirl  Oroj  ir-ictitm  of  'lira  intrrfc.inm. 

•  — -Loff;  (C'jrrml  d.'<)«ini.hy-iim<-.hy.cov„-,,te  mifraciKjn  rp^OOll;  ft:taji.  a.!pj.a!^!  liosio,  il.mUfd  ot-ot,  and 

pNViiue  not  pTf*5rn?/?d, 

No!o:  M,d’.03.2i--L')v.';  >i0-!  S  55  ;ipt;  Mrd.iim;  >U  ■')5-45.:5  rmo  Hi?h:  rr-if  75  pr 

‘•iiJdlEda'-'-'Ow:  >5.  )  0l  PV<;  Mrdiu.m:  >1  01  -  ^  J  ppt. 
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TABLE  9-22.  (Continued) 

Analysis  of  Average  Sleep  Each  Night  (Hours) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Currsni 

Dioxin 

Diflcrencc  of 

Category 

n 

Mean 

1  Contract 

Miana  (95%  CJ.) 

p-VaJue 

Eackgreund 

783 

6.89 

All  Categorica 

0.403 

Unknown 

341 

6.92 

Unknown  vt.  Background  0.03  (-0.10,0.16) 

0.638 

Low 

194 

6.91 

Low  Vi  Background 

0.02  (-0.1 4,0. 13) 

0.SO9 

High 

185 

6.77 

High  vj.  Backgftxirxi 

-0.12  (-028,0.04) 

0.149 

TotaJ 

1.503 

(R-w0.002) 

j)  Ranch  Hanrls  and  Comparisons  by  Current  Dioxin  Category  ■ 

•  Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adi. 

Covariatc 

Category 

n 

Mron 

ContTa.st 

N{can.j  (95%  C.I.)  p-VaJue  RcnT.irk.s 

BackgresiraJ 

Unknown 

773 

6.61 

All  Cawgonej 

0.725 

AGE  (pr^.C'O) 
RACE  (p<0.001) 

339 

6.61 

Unknown  “i  Background 

0.00  (-0.13,0.12)  0.947 

EDUC  (p=O.012) 

Low 

192 

6.66 

Low  VI.  Background 

0.05  (-0.1 1,021)  0J39 

High 

184 

6-54 

High  VJ.  Background 

-0.07  (-0.23,0.10)  0.410 

Total 

1.493 

(P.^.030) 

Note:  Beckground  (Compenw/ns):  Cyrrmt  D)0«ot  ^iO  ppt. 

Unknown  fRanch  Hondij:  Cijtrnt  Dioam  5;10 
Low  (Ranch  Hands);  15  ;n>t  <  C:jrT-n(  Oioiin  ppt. 

(Rinch  f{»r>ds):  Currimf  Qioim  >33.3  ppc 


1 
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stratum  exhibited  a  nonsignificant  negative  association  between  current  dioxin  and  average 
sleep  each  night. 

In  the  maximal  analysis  of  the  current  dioxin-by-time-by-race  interaction,  there  was  a 
marginally  significant  interaction  between  current  dioxin  and  time  since  tour  for  the  Black 
stratum  (Appendix  Table  H-1:  p=0.06S).  For  the  tim.c  less  than  or  equal  to  18.6  years 
stratum,  there  was  a  nonsignificant  positive  relationship  between  current  dioxin  and  average 
sleep  each  night  (p=0.353),  and  for  the  over  18.6  years  time  stratum,  there  was  a  marginally 
significant  negative  slope  (p=0.070).  The  adjusted  mean  average  hours  of  sleep  each  night 
for  Black  Ranch  Hands  with  more  than  13.6  years  since  tour  for  low,  medium,  and  high  current 
dioxin  were  6.00,  6.65,  and  5.19.  For  the  non-Black  stratum,  the  current  dioxin-by-time  since 
tour  interaction  was  not  significant  (p=0.261).  The  time  less  than  or  equal  to  18.6  years 
stratum  displayed  a  nonsignificant  negative  association  between  current  dioxin  and  average 
sleep  each  night  (p=0.179),  and  the  time  over  18.6  years  stratum  showed  a  nonsignificant 
positive  association  (p=0.884). 


After  removal  of  the  current  dioxin-by-time-by-race  interaction  and  adjusting  for  age 
and  race,  the  maximal  analysis  exhibited  no  significant  results  (Table  9-22  [h]:  p>0.20  for  all 
results). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  both  the  unadjusted  and  the  adjusted  analyses  of  average  sleep  each  night,  the 
simultaneous  contrast  of  the  four  current  dioxin  categories  was  not  significant  (Table  9-22  [i] 
and  [j];  p=0.403  and  p=0.725,  respectively). 

Physical  Examination  Variables 
Anxiety — SCL-90-R 

Model  1:  Ranch  Hands  •  Ij3g2  (Initial  Dioxin) 

Based  upon  the  minimal  assumption,  the  unadjusted  analysis  detected  a  nonsignificant 
association  between  initial  dioxin  and  the  SCL-90-R  anxiety  variable  (Table  9-23  [a]; 
p=^0.149).  The  maximal  unadjusted  an.alysis  exhibited  a  significant  positive  association 
(Table  9-23  [bj:  Est.  RR=1.27,  p=0.022)  with  prevalence  rates  of  abnormal  anxiety  T-scorcs 
for  low,  medium,  and  high  levels  of  initial  dioxin  of  5.1,  5.8,  and  12.1  percent. 

After  adjusting  for  covariate  information,  the  minimal  an.alysis  of  the  SCL-90-R  anxiety 
variable  remained  nonsignificant  (Tabic  9-23  [cj:  p=0,217).  Tlic  association  between  initial 
dioxin  and  anxiety  under  the  maximal  assumption,  however,  was  nonsignificant  after  bein>^ 
adjusted  for  education  and  a  race-by-current  alcohol  use  interaction  (Table  9-23  Idl- 

p=0.122). 


Mode!  2:  Ranch  Hands  •  L/)g2  (Current  Dioxin)  and  Time 


L’nder  the  minimal  assi 
variable  detected  a  nonsignif 


jmpticn.  the  unadjusted  analysis  of  the  SCL-90-R  anxiety 
leant  current  dioxin-by-time  since  tour  interaction  (Table  9-23 
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TABLE  9-23. 


Analysis  of  Anxiety 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Initial 

Percent  EsL  Relative 

Assumption 

Dioxin  n 

Abnormal  Risk  (95%  C.I.)^  p-Value 

a)  Minimal 

Low  116 

6.0 

1.21  (0.94,1,56)  0.149 

(n=464) 

Medium  229 

8.7 

High  119 

10.1 

b)  Maximal 

Low  158 

5.1 

1.27  (1.04,1.55)  0.022 

(n=652) 

Medium  328 

5.8 

High  166 

12.1 

Ranch  Hands  •  Log2  (Initial 

Dioxin)  •  Adjusted 

Adj.  Relative 

Covariatc 

Assumption 

Risk  (95%  C.I.)a 

p-Valuc  Remarks 

c)  Minima] 

1.19  (0.91,1.55) 

0.217  RACEViLC  (p=0.002) 

(n=459) 

AGE*DRKYR  (p=0.004) 

d)  Maximal 

1.18  (0.96,1.46) 

0.122  EDUC  (p=0.105) 

(n=644) 

RACE*ALC  (p=0.006) 

*Rel»;ive  rijk  for  a  r»'ofold  increAse  in  diojtin. 

Note;  iiLQiiIlli--Low;  32-93  ppt;  Medium:  >93-292  ppq  High;  >292  ppL 

Mijumal-Low;  23-36.9  ppt;  .Medium;  >36.9-218  ppt;  High:  >218  ppL 
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TABLE  9-23.  (Continued) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 
Percent  AbnorTnal/(n) 


Assumption 

Tune 

(Yrs.) 

Low 

Medium 

Hish 

Est  Relative 

Risk  (95%  C.I.)a 

p- Value 

e)  M  rirnal 

0.183b 

(p=464) 

<18.6 

7.7 

(65) 

8.9 

(113) 

12.5 

(48) 

1.01  (0.66,1.54) 

0.959c 

f)  Maximal 

>18.6 

3.8 

(53) 

6.1 

(114) 

12.7 

(71) 

1.45  (1.03,2.05) 

0.03 1C 

0.868b 

(n=652) 

<18.6 

3.3 

(92) 

8.2 

(171) 

9.7 

(72) 

1.26  (0.92,1.72) 

0.15.3c 

>18.6 

6.4 

(63) 

5.0 

(159) 

11.6 

(95) 

1.30  (0.99,1.71) 

0.057c 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


‘Relilive  risk  for  i  twofold  ir.cmse  in  dioxin. 

of  significance  for  homogeneity  of  reletive  risks  (CTarent  dioxin  continiious,  time  categorized). 
°Test  of  significance  for  relative  risk  equaj  to  I  (current  dioxin  continuous,  time  categorized). 

Note;  Miaimsl-Low;  >10-14.65  ppt;  Medium:  >14,65-15.75  ppt;  High;  >45.75  ppL 
M3.xmal-Low:  >5-9,01  ppu  Medium;  >9.01-33J  ppt;  High:  >33.3  ppt. 


TABLE  9-23.  (Continued) 


Analysis  of  Anxiety 
{SCL-90-R) 


i)  Ranch  Hands  and  Co’.nparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Categor/ 

n 

Percent 

Abnormal 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

650 

5.4 

All  Categories 

0.043 

Unknown 

294 

4.4 

Unknown  vs,  Ba:kground 

0.82  (0.43,136) 

0339 

Low 

171 

7.6 

Low  vs.  Backgnxmd 

1.45  (0.75 J.80) 

0265 

High 

167 

10.8 

High  vs.  Back^  nd 

2.13(1.183.85) 

0.012 

Total 

U22 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Cawgory 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p- Value 

Covariatc 

Remarks 

Backgrtxmd 

685 

All  Categories 

0320 

AGE  (p=0.103) 

ALC  (p=0.003) 

Unknown 

291 

Unknown  vs.  Background 

0.90(0.46,1.73) 

0.746 

EDUC  (p=0.C07) 

Low 

167 

Low  vs.  Background 

1.43  (0.733.77) 

0395 

High 

166 

High  vs.  Background 

1.64  (0.883.05) 

0.119 

Total 

1309 

Note:  Background  (Comparisoru):  Current  Dioain  sIO  ppu 

Unknown  (Ranch  Hands);  Cunent  Dioxin  slO  ppc 
Low  (Ranch  Hands):  IS  ppt  <  Current  Dioxin  ^3-3  ppt. 
High  (Ranch  Hands);  Current  Dioxin  >33J  ppc. 


[c]:  p=0.183).  For  the  tune  greater  than  18.6  years  stratum,  there  was  a  significant  positive 
association  between  current  dioxin  and  anxiety  (Est,  RR=1.45,  p=0.031).  Within  this 
stratum,  the  frequency  of  Ranch  Hands  with  an  abnormal  anxiety  T-score  increased  with 
increasing  current  dioxin  (low,  3.8%;  medium,  6.1%;  high,  12,7%).  The  maximal  cohort 
displayed  similar  results  with  a  nonsignificant  current  dioxui-by-time  interaction  (Table  9-23 
[f]:  p=0.868)  and  a  marginally  significant  positive  associat  on  between  current  dioxin  and 
anxiety  within  the  time  greater  than  18.6  years  stratum  (E.‘,t  RR=1.30,  p=0.057).  For  this 
time  stratum,  the  percentages  of  Ranch  Hands  with  abnormal  anxiety  T-scores  for  low, 
medium,  and  high  current  dioxin  were  6.4, 5.0,  and  11.6  percent. 

After  adjusting  for  two  covariatc  interactions,  racc-by-current  alcohol  use  and  age-by- 
lifctime  alcohol  history,  the  minimal  analysis  of  the  SCL-Sk)-R  anxiety  variable  displayed  a 
marginally  significant  current  dioxin-by-time  since  tour  interaction  (Table  9-23  [g]:  p--0.099). 
Within  the  less  than  or  equal  to  18.6  years  time  stratum,  there  was  a  nonsignificant  negative 
association  between  current  dioxin  and  anxiety  (Adj.  RR=0.95,  p=0.827),  but  for  the  over  18.6 
years  time  stratum  the  positive  association  was  significant  (Adj.  RR=1.51,  p=0.028). 

In  the  maximal  analysis  of  the  SCL-90-R  anxiety  variable,  the  adjustment  for  education 
and  a  racc-by-current  alcohol  use  interaction  did  not  alter  the  lack  of  significance  of  the  current 
dioxin-by-time  interaction  (Table  9-23  [h]:  p=0.851),  but  it  did  cause  the  association 
between  cunent  dioxin  and  anxiety  for  the  time  greater  than  18.6  years  stratum  to  become 
nonsignific  nt  (p=0.172). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  of  the  SCL-90-R  anxiety  variable  with  categorized  ctureni 
dioxin  displayed  a  significant  overall  difference  among  the  four  current  dioxin  categories 
(Table  9-23  [ij:  p=a0.043).  The  unadjusted  frequencies  of  abnormal  anxiety  T-scores  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  5.4,  4.4,  7.6,  and  10.8 
percent.  Tne  only  significant  contrast  was  the  high  category  versus  the  background  category 
(Est.  RR=^.13,  95%  C.I.;  [1.18,3.85],  p=0.012)  indicating  that  the  percent  of  abnormal 
anxiety  T-  cores  was  significantly  higher  for  the  Ranch  Hands  in  the  high  group  than  for  the 
Comparisc  is  in  the  background  group. 

After  adjusting  for  education,  age,  and  current  alcohol  use,  the  overall  analysis  of  the 
SCL-90-R  anxiety  variable  with  categorized  current  dioxin  was  nonsignificant  (Table  9-23  []]; 
p=0.320);  the  high  versu.’^  background  contrast  became  nonsignificant  (p=0.119). 

Depression — SCL-90-R 

Model  1:  Ranch  Hands  -  lagg  (Initial  Dioxin) 

The  unadjusted  minimal  analysis  of  the  SCL-90-R  depression  variable  deiected  a 
marginally  significant  positive  association  between  initial  dioxin  and  depression  (Table  9-24 
[a]:  Est.  RR=1.24,  p=(3.075).  The  prevalence  rates  of  Ranch  Hands  with  abnormal 
depression  T-scores  increased  steadily  with  increasing  levels  of  initial  dioxin  (low,  8.6%; 
medium,  9.2%;  high,  12.6%).  Based  on  the  maximal  assumption,  the  unaajusted  analysis 


9-98 


TABLE  9-24. 


Analysis  of  Depression 
(SCL-90-R) 


I 


w 

LI 


I 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  (Initial  Dioxin) 

Percent 
n  Abnormal 

-  Unadjusted 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

116 

8.6 

1.24  (0.98,1.57) 

0.075 

(n=464) 

Medium 

229 

9.2 

High 

119 

12.6 

b)  Maximal 

Low 

15S 

7.6 

1.23  (1.02,1.48) 

0.029 

(n=652) 

Medium 

328 

7.0 

High 

166 

13.9 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 

1.11  (0.86,1.42) 

0.438  EDUC  (p=0.070) 

(n=455) 

AGE*DRKYR  (p=0.003) 

d)  Maximal 

1.09  (0.89,1.33) 

0.393  AGE  (p=0.l331 

(n=640) 

DRKYR  (p=0.110) 

EDUC  (p=0.005) 

•Relative  risk  for  a  twofold  increase  in  dioain. 

Note;  Minimal-- Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppL 

Maximal-Low:  25-56.9  ppt;  .Medium;  >56.9-218  ppt;  High:  >218  ppt. 
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TABLE  9-24.  (Continued) 


Analysis  of  Depression 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  AbnormaV(n) 
Current  Dioxin 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

Est  Relative 

High  Risk  (95%  C.I.)a  p-Value 

e)  Minimal 

0.222b 

(n=464) 

<18.6 

10.8 

9.7 

14.6  1.09  ^0.74,1.59)  0.668^ 

(65) 

(113) 

(48) 

>18.6 

5.7 

7.0 

14.1  1.48  (1.07,2.04)  0.017^ 

(53) 

(114) 

(71) 

f)  Maximal 

0.96lb 

(n=652) 

<18.6 

5,4 

9.4 

12.5  1.27  (0.95,1.69)  O.IOIC 

(92) 

(171) 

(72) 

>18.6 

11.1 

5.0 

13.7  1.26  (0.98,1.62)  0.075^ 

• 

(63) 

(159) 

(95) 

Ranch  Hands  - ! 

Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (957o  CI.)a 

p- Value  Remarks 

g)  Minimal 

0.284b  eDUC  (p=0.071) 

(n=455) 

<18.6 

0.98  (0.65,1.47) 

0.918C  AGE*DRKYR  (p=O.G04) 

>18.6 

1.30  (0.92,1.85: 

0.137c 

h)  Maximal 

0.916b  EDUC  (p=0.003) 

(n=648) 

:Sl8.6 

1.17  (0.86,1.57) 

0.315c 

>18.6 

1.14  (0.87,1.49) 

0.333c 

*Relalive  risk  for  i  rwofold  mcnssse  in  diosin. 

of  sigmricjnce  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorixed). 
’Test  of  significance  for  relative  risk  eauil  to  I  (current  dioxin  continuous,  time  categorized). 

Note:  Miaimai-f-ow;  >10-14.65  ppq  Medium;  >14.65-45.73  ppq  High:  >45.75  ppL 

MaAimal-Low;  >5-9.01  ppq  Medium:  >9.01-333  ppt;  High;  >33.3  ppt. 
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TABLE  9-24.  (Continued) 


Analysis  of  Depression 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p- Value 

Background 

690 

7J 

All  Categories 

0.081 

Unknown 

294 

6J 

Unknown  vs.  Background 

0.83  (OJl.l  J3) 

0.660 

Low 

171 

7.6 

Low  vs.  Backgrourd 

1.05  (0i6, 1.99) 

0.873 

High 

167 

132 

High  vs.  Background 

1.94  (1.14321) 

0.015 

Total 

U22 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 

Current 


Dioxin 

Adj.  Relative 

Covariatc 

Category 

n 

Contrast 

Risk  (95%  CL) 

p-Value 

Remarks 

Background 

685 

AH  Ciategorics 

0286 

ALC  0=0.021) 
RACE»EDUC  (p=0.029) 

Unknown 

291 

Unknown  vs.  Background 

0.92(033,1.61) 

0.780 

RACE'AGE  (p=0.009) 

Low 

167 

Low  vs.  Background 

1.10(0382.10) 

0.765 

High 

166 

High  vs.  Background 

1.70  (0.972.98) 

0.064 

Total 

1309 

Note:  Btckground  (Comparirons):  Current  Dioxin  ^10  ppt. 

Unknown  (Ranch  Handi):  Current  Dioxin  ilO  ppc 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33-3  ppt 
High  (Ranch  Hands):  Current  Dioxin  >33  J  ppt 


displayed  a  significant  positive  relationship  between  initial  dioxin  and  depression  (Table  9-24 
[b]:  Est  RR=1.23,  p=0.029).  The  percentages  of  Ranch  Hands  with  abnormal  depression 
T-scores  were  nearly  the  same  for  Ranch  Hands  in  the  low  and  medium  initial  dioxin 
categories,  but  the  percentage  was  larger  for  the  high  initial  dioxin  category  (low,  7.6%; 
medium,  7.0%;  and  high,  13.9%). 

After  adjusting  the  minimal  analysis  for  education  and  an  age-by-lifetime  alcohol 
history  interaction,  the  association  between  initial  dioxin  and  depression  was  nonsignificant 
(Table  9-24  [c];  p=0.438).  Similarly,  after  adjusting  the  maximd  analysis  for  age,  lifetime 
alcohol  history,  and  education,  the  relationship  between  initial  dioxin  and  depression  was 
also  nonsignificant  (Table  9-24  [d];  p=0.393). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  minimal  and  maximal  assumptions,  the  unadjusted  analysis  of  tlie  SCL- 
90-R  depression  variable  did  not  detect  a  significant  current  dioxin-by-time  since  tour 
interaction  (Table  9-24  [e]  and  [f]:  p=0.222  and  p=0.961,  respectively).  For  the  minimal 
cohort,  there  was  a  significant  positive  association  between  current  dioxin  and  depression  for 
Ranch  Hands  in  the  over  18.6  years  time  stratum  (Table  9-24  [e];  Est.  RR=1.48,  p=0.017). 
Similarly,  the  maximal  analysis  detected  a  marginally  significant  positive  association 
between  current  dioxin  and  depression  for  Ranch  Hands  with  more  than  18.6  years  since  tour 
(Table  9-24  [f];  Est.  RR=1.26,  p=0.075). 

After  adjusting  the  minimal  cohon  for  education  and  an  age-by-lifetime  alcohol  history 
interaction  and  adjusting  the  maximal  cohort  for  education  alone,  the  analyses  were 
nonsignificant  (Table  9-24  [g]  and  [h];  p>0.10  for  all  analyses). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  the  SCL-90-R  depression  variable  the  simultaneous 
contrast  of  the  four  current  dioxin  categories  was  marginally  significant  (Table  9-24  [i]: 

P'— 0.081).  For  the  background,  unknown,  low,  and  high  current  dioxin  categories,  the 
percentages  of  abnormal  depression  T-scores  were  7.3,  6.5,  7.6,  and  13.2  percent.  The  only 
significant  difference  detected  was  between  Ranch  Hands  in  the  high  category  and  the 
Comparisons  in  the  background  category  (Table  9-24  [il:  Est.  RR=1.94,  957o  C I  • 
[1.14,3.31],  P---0.015). 

The  adjustment  for  current  alcohol  use,  a  race-by-education  interaction,  and  a  race-by¬ 
age  interaction,  removed  the  marginal  significance  of  the  overall  test  for  differences  in  the 
percentage  of  abnormal  depression  T-scores  among  the  four  current  dioxin  categories  (Table 
9-24  [j]:  p=0.286).  The  contrast  between  Ranch  Hands  in  the  high  category  and  the 
Comparisons  in  the  background  category  was  marginally  significant  after  the  covariate 
adjustment  (Table  9-24  [j];  Est.  RR=1.70,  95%  C.I.:  [0.97,2.98],  p=0.064). 


HosJtllUy— SCL-90-R 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  SQ^90-R  hostility  variable  did  not  detect  a  significant 
association  with  initial  dioxin  for  either  the  minimal  or  maximal  cohort  (Table  9-25  [a]  and  [bj: 
p=0.555  and  p=0.140). 

These  nonsignificant  results  did  not  change  after  adjusting  for  a  racc-by-current  alcohol 
use  interaction  and  an  education-by-age  interaction  (Table  9-25  [c]  and  [d]:  p=0.757  and 
p=0.773,  respectively). 


Model  2:  Ranch  Hands  -  Logg  (Current  Dioxin)  and  Tune 

The  tests  for  homogeneity  of  relative  risks  and  the  tests  for  relative  risk  equal  to  one 
within  each  time  stratum  were  not  significant  for  cither  the  unadjusted  or  adjust^  minimal 
and  maximal  analyses  of  the  SCL'90-R  hostility  variable  (Table  9-25  [e-h];  p>0.15  for  each 
analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  analysis  of  the  SCL-90-R  hostility  variable,  the  overall  contrast  of  Lhe  four  current 
dioxin  categories  was  not  significant  for  either  the  unadjusted  or  adjusted  analysis  (Table  9- 
25  [i]  and  Ij]:  p=0.602  and  p=0.849). 

Interpersonal  Sensitivity — SCL-90-R 
Model  1:  Ranch  Hands  -  Logg  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  minimal  cohort  did  not  detect  a  significant  association 
between  initial  dioxin  and  the  SCL-90-R  interpersonal  sensitivity  variable  (Table  9-26  [aj: 
p^.220).  The  same  association  was  marginally  significant  under  the  maximal  assumption  in 
the  unadjusted  analysis  (Table  9-26  [b]:  Est.  RR=I.22,  p=0.084),  with  increasing  prevalence 
rates  of  abnormal  interpenonal  sensitivity  scores  for  initial  dioxin  levels  (low,  3.8%;  medium, 
5.2%;  high,  9.0%). 


The  minimal  adjusted  analysis  exhibited  a  significant  initial  dioxin-by-education 
interaction  (Table  9-26  [c]:  p=0.040).  To  investigate  this  interaction,  the  analyses  were 
stratified  by  education  level  (Append!-;  T >ble  H-1).  For  Ranch  Hands  with  a  high  school 
education,  there  was  a  nonsignificant  pcsitivc  association  between  initial  dioxin  and 
interpersonal  sensitivity  (Adj.  RR=1.32,  p=0.124),  and  for  Ranch  Hands  with  a  college 
education,  there  was  a  nonsignificant  negative  association  (Adj.  RR=0.45,  p=0.192).  After 
deletion  of  the  interaction,  the  relationship  berween  initial  dioxin  and  interpersonal  sensitivity 
was  nonsignMcant  (Table  9-26  [c]:  p=0.435).  The  adjusted  maximal  analysis  displayed  a 
similar  nonsignificant  association  (Table  9-26  [dj:  p=0.458)  after  adjustment  for  education 
and  lifetime  alcohol  history. 

Model  2:  Ranch  Hands  -  Logg  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  unadjusted  analysis  found  that  the  association 
berween  current  dioxin  and  interpersonal  sensitivity  did  not  differ  significantly  between  time 
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TABLE  9-25. 


Analysis  of  Hostility 
(SCL-90.R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est  Relative 

Risk  (95%  C  J.>a 

p-Value 

a)  Minima] 

Low 

116 

4J 

1.10(0.80,132) 

0355 

(n»464) 

Medium 

229 

5.7 

High 

119 

39 

b)  Maximal 

Low 

158 

3.2 

131  (0.95,135) 

0.140 

(n«(552) 

Medium 

328 

43 

High 

166 

66 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  CJ.)^ _ p-Value _ Remarks 


c)  Minimal 

0.93(0.65,138) 

0.757 

RACE'ALC  (p=0.015) 

(n»458) 

EDUC^AGE  (p=0.006) 

d)  Maximal 

1.04  (0.78.137) 

0.773 

RACE*ALC  (p=0.C09) 

(na644) 

EDUC*AGE  (pe0.C47) 

‘Relative  risk  for  i  twofold  increase  in  dioain. 

Note:  32-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppL 

Maiiaul'-Low;  23-56.9  ppt;  Medium;  >56.9-218  ppt;  High;  >218  ppc 
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TABLE  9-25.  (Contln-jed) 


Analysts  of  Hostility 
(SCL-90-R) 


/ 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnonnal/(n) 
■  CmmtDiQ.Tin  .. 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

Hit^h 

Est  Relative 

Risk  (95%  Cl.)* 

p-V»Jue 

e)  Minimal 

0.988^ 

(n-464) 

£18.6 

4.6 

(65) 

4.4 

(113) 

83 

(48) 

1.12(0.66,139) 

0.685C 

f)  Maxir.,al 

>18.6 

J.8 

(53) 

6.1 

(114) 

5.6 

(71) 

1.11  (0.73,1.69) 

0.630^ 

0-543*’ 

(n=652) 

£18.6 

11 

(92) 

4.1 

(171) 

6.9 

(72) 

133  (0.90,1.98) 

0.152C 

>i8iS 

3.2 

(63) 

5.7 

(159) 

53 

(95) 

1.14  (0.82,138) 

0.450^ 

Ranch  Hands  •  Log2  (Current  Dioxin) 

and  Time 

-  Adjusted 

Assumption 

Time 

(Yrs.) 

Adj.  Relative 

Risk  (95%  C.I.)* 

p-Value 

Covariate 

Remarks 

g)  Minimal 
(n=458) 

<18.6 

>18.6 

0.89  (0.50,1.60) 

0.97(0.58.1.63) 

0.803*’ 

0.7C0C 

0.907C 

RACE'ALC  (p^^.015) 
EDUC'AGE  (p=:0.006) 

h)  Maximal 
(n=644) 

£18.6 

>1845 

1.10(0,73,1.66) 

0.92  (0.62,135) 

0310*’ 

0.658'’ 

0.654C 

AGE  (p=0.009) 

EDUC  (p=0.051) 
RACE'ALC  (p=0.012) 

*ReUlive  risk  for  a  twofold  increase  in  dioxin. 

of  significance  for  homogeneity  of  relative  risks  (current  dioxin  continuous,  time  categorized), 
^est  of  significaiKe  for  re.'ative  risk  equal  to  I  (cunent  dioxin  continuous,  time  categorized). 

Note:  >10-14.55  ppq  Medium;  >14.65-45.75  ppq  High;  >45.75  poC 

.Maximsl-Low:  >5-9.01  ppq  .Medium:  >9.01-333  ppq  High;  >333  ppt. 
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TABLE  9-25.  (Continued) 


Analysis  of  Hostility 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisens  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

EsL  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

690 

4.4 

All  Categories 

0.602 

Unknown 

294 

3.7 

Unknown  vs.  Background 

0.36(0.42,1.73) 

0.663 

Low 

171 

5.9 

Low  Vi  Backgnxind 

137(0.65,2.85) 

0.405 

High 

167 

6.0 

High  vs.  Background 

1.40  (0.673.93) 

0.369 

Total  U22 


j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p- Value 

Covariito 

Rrm.vks 

Background 

683 

All  CategOTies 

0.849 

DRKYR  (p-O.CCO) 

EDUC*ACE  (.->=0.0)9) 

Unknown 

290 

Unknown  vs.  Backgrcu.nd 

0.95(0.46.1.94) 

0,3.8 1 

Low 

167 

Ixrw  vs.  Background 

U7  (0.653..89) 

0.411 

High 

163 

High '  1,  Background 

0.97(0  443.15) 

O.^lS 

Total 

1303 

Note;  Bicicgrovsrsd  tCofr,p»ritonj);  C^^oit  Dwi-Ji  5;!0  prK. 
Unijvwn  fR»nch  Hiuvij):  Current  Dioxui  ^10 
Low  (Rtnc.h  13  pot  <  Current  Dwini  s33.3  ppt 

Hifti  (Kuveh  Hirxif):  Carmit  Diorm  >)3J 
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TABLE  9-26, 


Analysis  of  Interpersonal  Sensitivity 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 

Risk  (95%  C.I)^ 

p-VaJue 

a)  Minimal 

Low 

116 

6.0 

1J20  (0.90.1.58) 

0.220 

(n»464) 

Medium 

229 

6.1 

High 

119 

8.4 

b)  Maximal 

Low 

158 

3.8 

1.22  (0.98.1.52) 

0.084 

(n=652) 

Medium 

323 

5.2 

High 

166 

9.0 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariatc 


Aas'impiion _ Risk  (95*%  C.l.)^ _ p-Value _ Remarks 


c)  Minimal 

1.14  (0.32.1.58)** 

0.435*' 

INTPEDUC  (pv=0.040) 

(n=.455) 

AGE'DR.KYR  (p=0.019) 
AGE'ALC  (p=0.018) 

d)  Maximal 

l.IO  (0.86.1.39) 

0.458 

DRKYR  (p=0.015) 

(net 640) 

EDUC  (p=0,026) 

^ReUiive  risk  for  a  iwofoid  inemse  in  dioxin. 

**Log2  (iriitial  dioxin)-by-cov»nau;  intCTsciion  (0.01<p<;0.03);  adjuj'u^i  relative  risk,  confidence  intervil,  and  p-value 
derived  from  a  mo<!el  fitted  after  deletion  of  this  interaeuon. 

Note;  32-93  ppe  Medium:  >93-292  ppi;  High:  >292  pot 

■M 37.1171 -si-Low:  23-56.9  ppt;  .Medium:  >36.9-21S  p5.'t;  Hig.h:  >2IS  ppt 
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TABLE  9-26.  (Continued) 


Analysis  of  Interpersonal  Sensitivity 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  -  nd  Time  -  Unadjusted 

Percent  AbnormaI/(n) 

Current  Dioxin 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (9593  C.D^ 

p-Valuc 

e)  Minimal 

0.482b 

(n=464) 

<18.6 

6.2 

6.2 

16.7 

1.43  (0.96,2.14) 

0.082= 

(65) 

(113) 

(48) 

>13.6 

5.7 

4.4 

5.6 

1.16  (0.75,1.78) 

0.499= 

(53) 

(114) 

(71) 

0  Maximal 

0.315b 

(n=652) 

<18.6 

4.4 

5.9 

12.5 

1.46  (1.07,1.99) 

0.018= 

(92) 

(171) 

(72) 

>18.6 

4.8 

4.4 

5.3 

1.15  (0.82,1.62) 

0.415= 

(63) 

(159) 

(95) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumotion 

(Yrs.) 

Risk  {95%  C.!.)3 

p-Value  Remarks 

g)  Minimal 

0.354b  DRKYR  fp: 

It 

0 

s 

(n=455) 

<18.6 

1.38  (0.9U.10) 

0.1 2SC  EDUC  (p-0.046) 

>18.6 

1.04  (0.66.1.63) 

0.878= 

h)  Maxmal 

0.260b  DRKYR  (p: 

=0.007) 

(n=640) 

^18. 6 

1.36  (0.98,1.90) 

0.C6i=  EDUC  (P--0.043) 

>18.6 

1.03 

>.71,1.49) 

0.365= 

*Reluive  risk  fear  i 

twofold  r 

e»5e  in  dioa 

in. 

of  si^nific.mce  for  ’-'oinos-netty  of  rrUuve  rijlij  fcinreri  dioxin  ccniinuciij,  time  categorized). 
^'Test  of  signii'ic.ince  for  relative  nsic  ecoal  to  1  tcurrent  oioxin  contin'.ioti.x,  time  categorized). 

Note:  >iO-l  l.65  pot;  .M-.dinm:  J-15.75  ppt;  High:  >-l5.75’ppt. 

Mi^aHUi-Low:  ;rpt;  .Medi  irr.:  >9.01  I'.J  [apt;  High:  >33.3  [apt. 
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TABLE  9-26.  (Continued) 


Analysis  of  Interpersonal  Sensitivity 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est  Relative 

Risk  (95%  C.I.) 

p-VaJue 

Background 

690 

5.8 

All  Categories 

0.222 

Unknown 

294 

3.7 

Unknown  vs.  Background 

0.63  (0.32.1.25) 

0.187 

Low 

171 

5.3 

Low  vs.  Background 

0.90  (0.43,1.90) 

0.787 

High 

167 

8.4 

High  vs.  Background 

1.49  (0.79,2.80) 

0.220 

Total 

1,322 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adi.  Relative 

Covariate 

Category 

n 

Contrast  Risk  (9579 

C.I.)  p- Value 

Remarks 

Background 

683 

All  Categories 

0.681 

DRKYR  (p=0.041) 

EDUC  (p<0.001) 

Unknown 

290 

Unknown  vs.  Background 

0.70  (0.35,1.40) 

0.311 

RACE*AGE  (p=0,017) 

Low 

167 

Low  vs.  Background 

0.83  (0.39.1.77) 

0.635 

H>gh 

163 

High  vs.  Background 

1.11  (0.57Z16) 

0.768 

Total 

1.303 

Nole:  Backgrourd  (Comparisoru):  Ciarcni  Dioain  slO  ppL 

Unknown  (Ranch  H-mda):  Current  Dioxui  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33.3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 
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since  tour  strata  (Table  9-26  [e]:  p=0.482).  However,  within  the  time  less  than  or  equal  to 
18.6  years  stratum,  a  positive  association  between  current  dioxin  and  interpersonal 
sensitivity  was  marginally  significant  (Est.  RR=1.43,  p=0.082).  The  unadjusted  percentages 
of  these  Ranch  Hands  with  abnormal  interpersonal  sensitivity  T-scores  for  low,  medium,  and 
high  current  dioxin  were  6.2,  6.2,  and  16.7  percent  In  contrast,  for  Ranch  Hands  with  over 
18.6  years  since  tour,  the  association  between  current  dioxin  and  interpersonal  sensitivity 
was  positive  but  not  significant  (p=0.499). 

Similarly,  for  the  maximal  cohort,  the  unadjusted  analysis  displayed  a  nonsignificant 
current  dioxin-by-time  since  tour  interaction  (Table  9-26  [f]:  p=0.315).  There  was  a 
significant  positive  association  between  current  dioxin  and  interpersonal  sensitivity  within 
the  less  than  or  equal  to  18.6  years  time  stratum,  and  a  nonsignificant  positive  association  for 
the  over  18.6  years  time  stratum  (<18.6:  Est  RR=1.46,  p=0.018;  >18.6:  Est  RR=1.15, 
p=0.415).  For  Ranch  Hands  with  18.6  years  or  less  since  tour,  the  percentages  of  abnormal 
interpersonal  sensitivity  T-scores  for  low,  medium,  and  high  ctirrent  dioxin  were  4.4,  5.9,  and 
12.5  percent. 

After  adjusting  for  education  and  lifetime  alcohol  history,  both  the  minimal  and  the 
maximal  analyses  exhibited  a  nonsignificant  current  dioxin-by-cime  since  tour  interaction 
(Table  9-26  [g]  and  [h]:  p=0.354  and  p=0.260,  respectively).  Under  the  maximal 
assumption,  there  was  a  marginally  significant  positive  association  between  current  dioxin 
and  interpersonal  sensitivity  for  the  less  than  or  equal  to  18.6  vears  time  stratum  (Table  9-26 
[hj:  Adj.  RR=l.36,p=O.C}6-l). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
Neither  the  unadjusted  nor  the  adjusted  analysis  of  categorized  current  dioxin  and 
interpersonal  sensitivity  detected  a  significant  difference  among  the  prevalence  rates  of 
abnormal  interpersonal  sensitivity  T-scores  of  the  four  current  dioxin  categories  (Table  9-26 
[i]  and  [j],  p=0.222  and  p=0.68I,  respectively). 

Obsessive-Compulsive  Behavior — SCL-90-R 
Model  1:  Ranch  Hands  -  Logj  (^Mtial  Dioxin) 

A  marginally  significant  positive  association  was  detected  between  initial  dioxin  and  the 
SCL-90-R  obsessive-compulsive  behavior  variable  for  the  unadjusted  minimal  analysis 
(Table  9-27  [aj:  Est.  RR=1.24,  pri).080).  Tnis  association  can  be  seen  in  the  increasing 
percentages  of  Ranch  Hands  with  this  ty-pc  of  behavior  for  increasing  levels  of  initial  dioxin 
(low,  7.8'^;  medium.  S.79c;  high,  11.8%).  Under  the  maximal  assumption,  a  significant 
association  between  initial  dioxin  and  obsessive-compulsive  behavior  in  Ranch  Hands  was 
found  for  the  unadjusted  analysis  (Table  9-27  [b]:  Est.  RR=1.36,  p=0.002)  with  simiiariv 
increasing  prevalence  rates  of  3.8,  6.4,  and  13.3  percent  for  tJie  low,  medium,  and  high  ItCels 
of  initial  dioxtn. 


After  adjusting  for  education,  a  race-by-age  interaction,  and  an  age-by-!ifetime  alcohol 
association  between  initi.al  dioxin  and  the  percentage  of  Ranch  Hands 
with  obsessive-compulsive  behavior  was  nonsignificant  (Table  9-27  [c]:  p=0.359).  For  the 
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TABLE  9-27, 


Analysis  of  Obsessive-Compulsive  Behavior 
{SCL-90.R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Esl  nclative 

Risk  (959!,  C.I)^ 

p-Value 

a)  Minimal 

Low 

116 

7.8 

1.24  (0.98,1.58) 

0.080 

(n=464) 

Medium 

229 

8.7 

High 

119 

11.8 

b)  Maximal 

Low 

158 

3.8 

1.36  (1.12,1.65) 

0.002 

(n=652) 

Medium 

328 

6.4 

High 

166 

13.3 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  _ p-Value _ Remarks 


c)  Minimal 

1.13  (0.87,1.47) 

0J59 

•  EDUC  (p=0.102) 

(n=455) 

RACE'AGE  (p=0.038) 
AGE'DRKYR  (p=0.0(W) 

d)  Maximal 

1.23  (1.00,1.52) 

0.054 

DRKYR  (p=0.087) 

(n=640) 

EDUC  (p=0.039) 

RACE"  AGE  (p=0.020) 

^Relative  risk  for  i  wofold  irCTease  in  dioxin. 

Now;  Minimsl— Low:  52-93  ppi;  Medium:  >93-292  ppt;  High:  >292  ppu 

Maximsl-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt:  High:  >213  ppt. 
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TABLE  9-27.  (Continued) 


Analysis  of  Obsessive-Compulsive  Behavior 
{SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin )  and  Time  -  Unadjusted 


Percent  Abnonnal/(n) 


Tune 


Assumption 

(Yrs.) 

Low 

Medium 

e)  Minimal 

(n=464) 

<18.6 

9.2 

(65) 

8.9 

(113) 

>18.6 

5.7 

(53) 

7.9 

(114) 

0  Maximal 

(n=652) 

<18.6 

2.2 

(92) 

8.8 

(171) 

>18.6 

4.8 

6.9 

(63) 

(139) 

HiRh 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Value 

0.283^ 

12.5 

(48) 

1.07  (0.72,1.61) 

0.730C 

12.7 

(71) 

1.42  (1.03,1.96) 

0.03  ic 

0.999t> 

9.7 

(72) 

1.37  (1.01,1.87) 

0.043= 

11.6 

(95) 

1.37  (1.06,1.78) 

0.018= 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Assumption 

Time 

(Yrs.) 

Adj.  Relative 
Risk  (95-70  C.I.)a 

g)  Minimal 

(n=455) 

<18.6 

0.95  (0.61.1.46) 

>18.6 

1.23  (0.86,1,74) 

h)  Maximal 

(n=640) 

<18.6 

1.25  (0.90.1.74) 

>18.6 

1.20  (0.91,1.59) 

Covariate 


p-Value 

Remarks 

0.3  50^ 

EDUC  (p=0.137) 

0.806= 

0.253= 

AGE*DRKYR  (p=0.(X)3) 

0.852h 

DRKYR  (p=0,083) 

0.188= 

EDUC  (p=0.038) 

0.199= 

RACE* AGE  (p=0.020) 

^ReJative  risk  for  a  wofoid  increase  in  dioxin. 

^est  of  significince  for  homojeneicy  of  relative  risks  (current  dioxin  continuous,  lime  categorized). 
'Test  of  significance  for  relative  risk  equjJ  to  1  (ctarent  dioxin  continuous,  lime  categorized). 

Note:  MLaimi-Low;  >10-14.65  ppt;  Medium:  >14.65-45.75  ppl:  High:  >45.75  ppL 

Miiicui”Low:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High:  >33.3  ppt 
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TABLE  9-27.  (Continued) 


Analysis  of  Obsessive-Compulsive  Behavior 
{SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Valu! 

Background 

690 

6.4 

All  Categories 

0.052 

Unknown 

294 

4.4 

Unknown  vs.  Background 

0.68  (0.36,1.28) 

0.232 

Low 

171 

8.8 

Low  vs.  Background 

1.41  (0.772.60) 

0.269 

High 

167 

10.8 

High  vs.  Background 

1.77  (1.002.16) 

0.051 

Total 

1,322 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.L) 

D-Value 

Covariate 

Remarks 

Background 

685 

All  Categories 

0.2'40 

RACE*EDUC  (p=0.035) 

Unknown 

293 

Unknown  vs.  Background 

0.71  (0.37.1.34) 

0.291 

Low 

169 

Low  vs.  Ba-^kground 

1.32  (0.712.45) 

0.378 

High 

166 

High  vs.  Background 

1.45  (0.80,2.63) 

0.221 

Total 

1213 

Note:  Background  (Comparisons);  Current  Dioxin  ilO  ppc 

UnknowTt  (Ranch  Hands):  Current  Dioxin  ^10  ppu 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxirr  <33d3  ppL 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 
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maximal  cohort,  the  adjustment  for  education,  lifetime  alcohol  history,  and  a  race-by-age 
interaction  caused  the  same  association  to  become  marginally  significant  (Table  9-27  [d]: 
Adj.  RR=1.23,  p=0.054). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  minimal  unadjusted  analysis  of  the  SCL-90-R  obsessive-compulsive  behavior 
variable,  the  current  dioxin-by-time  since  tour  interaction  was  not  significant  (Table  9-27 
[e]:  p»0.283).  However,  for  Ranch  Hands  with  time  over  18.6  years,  tliere  was  a  significant 
positive  association  between  current  dioxin  and  the  percentage  of  abnormal  obsessive- 
compulsive  behavior  T-scores  (Est  RR=1.42,  p=0.031).  This  direct  association  can  be  seen 
in  the  increasing  prevalence  rates  of  Ranch  Hands  with  obsessive-compulsive  behavior  for 
increasing  levels  of  dioxin  (low,  5.7%i  medium,  7.9%;  high,  12.7%). 

Under  the  maximal  assumpdon,  the  unadjusted  analysis  detected  a  nonsignificant 
current  dioxin-by-dme  since  tour  interaction  (Table  9-27  [fj:  p=0.999).  The  time  less  than 
or  equal  to  18.6  years  stratum  displayed  a  significant  positive  association  between  current 
dioxin  and  obsessive-compulsive  behavior  (Table  9-27  [f]:  Est.  RR=1.37,  p=0.043) 
supponed  by  increasing  percenages  of  obsessive-compulsive  behavior  of  2.2,  8.8,  and  9.7 
percent  for  the  low,  medium,  and  high  levels  of  current  dioxin.  Tne  time  over  18.6  years 
stratum  also  exhibited  a  significant  positive  association  with  dioxin  (Table  9-27  [f]:  Est. 
RR=1.37,  p=0.013).  The  frequencies  of  participants  with  obsessive-compuLsive  ^havior 
increased  wi±  increasing  levels  of  current  dioxin  for  this  time  stratum  (low,  4.8%;  medium, 
6.9%;  high,  11.6%). 

After  adjusting  the  minimal  analysis  for  education  and  an  age-by-lifetime  alcohol 
history  interaction  ^d  adjusting  the  maximal  analysis  for  education,  lifetime  alcohol  history, 
and  a  race-by-age  interaction,  neither  analysis  detected  any  significant  associations  between 
current  dioxin  and  obsessive-compulsive  behavior  (Table  9-27  [g]  and  [h];  p>0.15  for  each 
analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  SCL-90-R  obsessive-compulsive  behavior  variable, 
the  contrast  of  the  four  current  dioxin  categories  was  marginally  significant  (Table  9-27  [i];' 
p=0.052).  The  percentages  of  abnormal  obsessive-compulsive  behavior  T-scores  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  6.4,  4.4,  8.8,  and  10.8 
percent  A  margindly  sigrtificant  difference  was  found  between  the  prevalence  rates  of 
obsessive-compulsive  behavior  for  the  Ranch  Hands  in  the  high  category  and  the 
Comparisons  in  the  background  category  (Table  9-27  [il;  Est.  RR=1  77  C  I  ■ 
[1.00,3.16],  p==0.051).  . 

The  adjustment  for  a  race-by-education  interaction  caused  the  results  of  the  analyses 
to  become  nonsignificant  both  overall  and  for  individual  contrasts  between  categories  (fable 
^■47  uJ:  p>0.20  for  each  analysis). 
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Paranoid  Ideation — SCL-90-R 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  both  the  unadjusted  and  the  adjusted  analyses,  the  association  between  initial  dioxin 
and  the  frequency  of  Ranch  Hands  suffering  from  paranoid  ideation  was  nonsignificant  under 
both  assumptions  (Table  9-28  [a-d]:  p>0.25  for  each  analysis). 


Model!:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Similar  to  the  initial  dioxin  analyses,  the  unadjusted  and  adjusted  current  dioxin  and 
time  since  tour  analyses  of  paranoid  ideation  displayed  nonsignificant  results  for  both  the 
minimal  and  the  maximal  cohorts  (Table  9-28  [e-h]:  p>f).15  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  both  the  unadjusted  and  adjusted  analyses  of  categorized  current  dioxin  and  paranoid 
ideation,  the  overall  contrast  of  the  four  current  dioxin  categories  was  nonsignificant  (Table 
9-28  [i]  and  [j]:  p>0.45  for  both  analyses). 

Phobic  Anxiety — SCL-90-R 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  under  both  minimal  and  maximal  assumptions  displayed  a 
nonsignificant  association  between  initial  dioxin  and  phobic  anxiety  (Table  9-29  [a]  and  [bj: 
p=0.585  and  p=0.115,  respectively). 

After  adjustment  for  covariate  information,  the  results  of  both  the  minimal  and  the 
maximal  analyses  remained  nonsignificant  (Table  9-29  [c]  and  [dj;  p=0.912  and  p=0.493). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

For  both  the  nunimai  and  the  maximal  cohorts,  the  unadjusted  analysis  detected  a 
nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table  9-29  [e]  and  [f]:  p=0.222 
and  p=0.764,  respectively).  Tne  association  between  current  dioxin  and  phobic  anxiety  was 
also  nonsignificant  within  each  time  stratum. 

In  the  adjusted  analysis,  there  was  a  significant  interaction  of  current  dioxin,  time  since 
tour,  and  race  under  both  the  minimal  and  the  maximal  assumptions  (Table  9-29  [g]  and  [hj: 
p=0.012  and  p=0.015).  To  investigate  this  interaction,  associations  between  phobfe  anxiety 
and  current  dioxin  are  presented  separately  for  each  time  and  race  stratum  in  Appendix  Table 
H- 1 . 


Under  the  rninimai  assumption,  the  Black  stratum  contained  only  one  Ranch  Hand  with 
phobic  anxiety  in  the  time  less  than  or  equal  to  18.6  years  stratum,  and  he  was  in  the  medium 
dmxm  category.  In  the  time  over  18.6  years  stratum,  two  Black  Ranch  Hands  in  the  low 
dioxin  category  had  an  abnorraaJ  phobic  anxiety  T-score.  Due  to  the  sparse  num.ber  of 
abiiormalmes  in  the  Black  stratum,  the  adjusted  relative  risks,  confidence  intervals  and 
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TABLE  9-28. 


Analysis  of  Paranoid  Ideation 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

116 

5.2 

0.81  (0.54,1.22) 

0.302 

(n=464) 

Medium 

229 

4.4 

High 

119 

3.4 

b)  Maximal 

Low 

158 

3.2 

0.91  (0.67,1.22) 

0.511 

(n=652) 

Medium 

328 

4.3 

High 

166 

4.2 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 


Assumption _ Risk  (95%  C.I.)^ _ p-Value _ Remarks 


c)  Minimal 

0.81  (0.54.1.22) 

0.293 

DRKYR  (p=0.C94) 

(n--=459) 

d)  Maximal 

0.86  (0.64,1.17) 

0.324 

AGE  (p=0.098) 

(n=644) 

ALC  (p=0.086) 

DRKYR  (p=0.128) 

^Relative  mk  for  a  rwofold  mcrease  in  dioxin. 

Now;  Minimal-Low:  52-93  ppq  Medium;  >93-292  ppt;  High;  >292  ppt. 

Maximal-Low:  25-56.9  ppq  .Medium:  >56.9-213  ppq  High:  >218  ppt. 
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TABLE  9-23.  (Continued) 


Analysis  of  Paranoid  Ideation 
(SCL-90.R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin _ 

Time  EsL  Relative 


Assumption 

(Yrs.) 

Low 

Medium 

High 

Risk  (95%  C.I.)a 

p-Valuc 

e)  Mirimal 

0.474b 

(n=464) 

<18.6 

6.2 

5.3 

8.3 

0.96  (0.57,1.61) 

0.865= 

(65) 

(113) 

(48) 

>18.6 

1.9 

4.4 

0.0 

0.68  (0.31,1.51) 

0.344= 

(53) 

(114) 

(71) 

f)  Maximal 

0.206b 

(n=652) 

<18.6 

3.3 

5.9 

5.6 

1.12  (0.77,1.64) 

0.561= 

(92) 

(171) 

(72) 

>18.6 

4.8 

3.1 

1.1 

0.74  (0.42,1.28) 

0.277= 

(63) 

(159) 

(95) 

Ranch  Ha 

nds  - 

Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value  Remarks 

g)  Minimal 

0.546b  DRKYR  (p= 

=0.057) 

(n=459) 

<18.6 

0.95  (0.57,1.61) 

0.860C 

>18.6 

0,72  (0.34,1.54) 

0.402C 

h)  Maximal 

0.19lb  ALC(p=0.071) 

(n=648) 

<18.6 

1.12  (0.77,1.64) 

0.550C 

>18.6 

0.73  (0.42,1.27) 

0.263= 

’Relative  risk  for  a  I’vofold  mciease  in  aioii,’:. 

^«t  of  for  horr.ooroeity  of  relative  risks  (ctiTTent  dioxin  continuous,  time  c 

r:;t  of  n.-’nif::'  ■  "  f  ;r  mh  :/--  ;  y.  ■  ’n  1  ;'c-.;rrent  dioxin  continuous,  lime  categoti;. 

Note;  Nimim tl--Lov/:  >10-id.65  rp;;  ''■-15.73  opt:  High;  >45.75  ppi. 

Maximal-Low;  ,>5-9.01  ppt;  .Med;jm;  >.'./!  Jj  i  -.''  .I  rot. 


ategorized). 


/  , 


9-117 


TABLE  9-23.  (Continued) 


Analysis  of  Paranoid  Ideation 
(SCL-PO-R) 


I)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  UnadjusUd 


Current 

Diokin 

Percent 

Est  Relative 

Category 

n 

Abnormal  Contrast 

Risk  (95%  Cl.) 

p-Value 

Background 

690 

3.5  All  Categories 

0.645 

Unknown 

294 

3.1  Unknown  vs.  Background  0.88 

(0.40,1.91) 

0.740 

Low 

171 

3.3  Low  vs.  Background  134 

(0.703.38) 

0.280 

High 

167 

3.0  High  vs.  Background  0.86 

(0323.28) 

0.756 

Total 

U22 

j) 

Ranch  Hands  and  Comparisons  h 

ly  Current  Dioxin  Category  •  Adjusted 

Current 

Dioxin 

Adj.  Relative 

Covariate 

Category 

n 

Contrast 

Risk  (95%  C.I.) 

p-Value 

Remarks 

Background 

683 

Ail  Categories 

0.490 

RACE  (p=0.150) 

DRKYR  (p=0.036) 

Unknown 

290 

Unkno’vn  vs.  Background 

0.96  (0.44^.12) 

0.922 

EDUC'AGE  (p=0.036) 

Low 

167 

Low  vs.  Background 

1.60  (0.723.56) 

0.246 

High 

163 

Hig.h  vs.  Background 

0.67  (035,1.85) 

0.444 

Total 

U03 

Note;  Background  (Comparisons);  Current  Dioxin  ilO  ppt. 
Unknown  (Ranch  Hands);  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  ppt. 

High  (Ranch  Hands);  Current  Dioxin  >333  ppt. 


TABLE  9-29. 


Analy:;is  of  Phobic  Anxiety 
(SCL-90-R) 


Ranch  Hands  -  Log2  (InitiaJ  Dioxin)  ■  Unadjusted 


AssLOTption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 

Risk  (95%  C.I.)3 

p- Value 

a)  Minimal 

Low 

116 

6.9 

1.08  (0.82,1.42) 

0.5S5 

(n»464) 

Medium 

229 

7.9 

High 

119 

8.4 

b)  J  Maximal 

Low 

l.‘S8 

3.8 

1.19  (0.96.1.46) 

0.115 

(r.«652) 

Medium 

328 

7.0 

High 

166 

9.0 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 


Adj.  Relative 

Covaiiate 

Assumption 

Rkk  (95%  C.l.)3 

p-Value 

Remarks 

c)  Minimal 
(n»455) 

0.98  (0.73.1.32) 

0.912 

EDUC  (p=0.066) 
AGE*DRK’/R  (p=0.020) 

d)  Maximal 
(n=648) 

1.03  (0.86,1.36) 

0.493 

EDUC  (p=0.028) 

^Relative  risk  for  a  twofold  increase  Ln  Jiosm. 

Note:  Minimal-- Low:  52-93  ppt;  Medjum:  >93-292  ppt;  Hig.'u  >292  ppt. 

Maximsi-Low:  15-56,9  ppt;  .Vfedium:  >56.9-213  ppq  High:  >213  ppt. 


TABLE  9-29.  (Continued) 


Analysis  of  Phobic  Anxiety 
(SCL-90-R) 


Ranch  Hands  -  Log2  {Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnormal/(n) 

Current  Dioxin 

Tune 

Est.  Relative 

Assumption 

(Yrs.) 

Low  Medium 

High 

Risk  (95%  C.I.)^ 

p-Value 

e)  Minimal 

0:222b 

(n=464) 

<18.6 

7.7  9.7 

6.3 

0.89  (0.56,1.42) 

0.628<’ 

(65)  (113) 

(48) 

>18.6 

5.7  6.1 

9.9 

1.28  (0.89,1.82) 

0.178= 

(53)  (114) 

(71) 

f)  Maximal 

0.764’’ 

(n=652) 

<18.6 

2.2  8.8 

5.6 

1.23  (0.88,1.71) 

0.232= 

(92)  (171) 

(72) 

>18.6 

7.9  5.7 

9.5 

1.15  (0.87,1.52) 

0.337= 

(63)  (159) 

(95) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relative 

Covariate 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

g)  Minimal 

o 

00 

• 

« 

cr 

CURR*T1\E*RACE 

(p=0.012) 

(n=455) 

<18.6 

0.86  (0.52,1.41)« 

0.547--C 

EDUC  (p=0.113) 

>18.6 

1.20  (0.81.1.78)*- 

0.365**' 

AGE-DRKYR  (p=0.0I9) 

h)  Maximal 

0.705**’’ 

CURR-TIME-kACE  (p=0.015) 

(n=640) 

<13.6 

1.13  (0.79,1.62)** 

0.509*“’ 

DRKYR  (pr=0.135) 

>18.6 

1.03  (0.76.1.41)*- 

0.841*“’ 

EDUC  (p={).029) 

RAC:E*AGE  (p-0.043) 

*Relauve  risk  for  a  wofold  ir.crsasc  in  dioxin. 

of  si5nif;c.xnce  for  homogineiry  of  relative  rijiu  (ctarent  dioxin  continuoux,  time  categoriicd), 

‘•Test  of  significance  [or  relative  risk  equal  to  1  (current  dioxin  contin-aous,  time  categorized). 

••U)g2  (current  dioxin)-lry-tim.e-by.cov»n3te  inter.xction  (0.01<ps0,03);  idjastcd  relative  risk,  confidence  interval,  and 
|>-Vtjue  derived  from  a  model  fitted  after  deletion  of  diis  interaction. 

Mote;  .Mir.imal-Low;  >10-14.63  opt;  .‘dcriium:  >14.63-»3.73  ppt;  Hirh:  >45.73  ppt. 

MdUUm-’i-Lc":  >5-9.01  ppt;  .Medium;  >9.01-33,3  ppt;  High;  >33.3  ppL 
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TABLE  9-29.  (Continued) 


Analysis  of  Phobic  Anxiety 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Est.  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

690 

6.8 

All  Categories 

0.(M2 

Unknown 

294 

3.1 

Unknown  vs.  Backgrocjid 

0.43  (0.21,0.89) 

0.024 

Low 

171 

8.2 

Low  vs.  Background 

1.22  (0.66,2.27) 

0.531 

High 

167 

7.8 

High  vs.  Background 

1.15  (0.61,2.19) 

0.659 

Total 

1,322 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariatc 

Remarks 

Background 

685 

AH  Categories 

0.092 

EDUC’AGE  (p=0.033) 

Unknown 

293 

Unknown  vs.  Background 

0.45  (0.22,0.94) 

0.033 

Low 

169 

Low  vs.  Background 

1.19  (0.63.2.22) 

0.595 

High 

166 

High  vs.  Background 

0.90  (0.46,1.77) 

0.764 

Total 

1.313 

Note:  Baclcground  {Compirlsotu):  Current  Dioxin  ilO  ppc 

Unkno'Mi  (B-tnch  ilandx):  Current  Dioxin  slO  ppt. 

Low  (Ranch  Handa):  15  ppl  <  Cuiicnt  Dioxin  <53.3  ppt. 
High  (Ranch  Handa):  Current  Dioxin  >33.3  ppL 


p-valucs  are  not  presented.  The  analysis  of  the  non-Black  stratum  detected  a  nonsignificant 

current  dioxin-by-time  since  tour  Interaction  (Appendix  Table  H-1:  p=0.114).  'I^e 

association  between  current  dioxin  and  phobic  anxiety  was  also  nonsignificant  within  each 
time  stramm. 

In  the  maximal  analysis,  the  Black  stratum  contained  only  one  Ranch  Hand  with  phobic 
anxiety  in  the  less  than  or  equal  to  18.6  years  time  suatum  and  two  in  the  over  18.6  years 
time  stratum.  All  three  of  these  Ranch  Hands  were  in  the  medium  dioxin  category,  and  for 
the  same  reason  as  stated  above,  the  relative  risks,  confidence  intervals,  and  p-values  are 
not  presented.  For  the  non-Black  stramm,  the  current  dioxin-by-time  since  tour  interaction 
was  nonsignificant  (Appendix  Table  H-1:  p=0.980),  and  the  association  between  current 
dioxin  and  phobic  anxiety  was  also  nonsignificant  within  each  time  stratum. 

After  deletion  of  the  current  dioxin-by-timc-by-race  interaction,  both  the  minimal  and  the 
maximal  analyses  exhibited  nonsignificant  results  (Table  9-29  [g]  and  [h]:  p>0.25  for  each 
analysis). 

Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  Ranch  Hands  and  Comparisons  by  current  dioxin  category, 
a  significant  difference  was  found  in  the  prevalence  of  abnormal  phobic  anxiety  T-scores 
among  the  four  categories  (Table  9-29  [i]:  p=0.042).  The  peiccntages  of  abnormal  phobic 
anxiety  T-scores  for  the  background,  unJmown,  low,  and  high  current  dioxin  categories  were 
6.8,  3.1,  8.2,  7.8  percent.  The  percentage  of  abnormal  T-scorcs  for  phobic  anxiety  was 

significantly  lower  for  the  group  of  Ranch  Hands  in  the  unknown  category  than  for  the 
Comparisons  in  the  background  category  (Est  RR=0.43,  95%  C.I.;  [0.21,0.89],  p=0.024). 

After  adjusting  for  an  education-by-age  interaction,  the  overall  test  for  differences 
among  the  four  current  dioxin  categories  was  marginally  significant  (Table  9-29  [j]: 
p=0.092).  Consistent  with  the  unadjusted  results,  the  prevalence  rate  of  phobic  anxiety  was 
.still  significantly  lower  for  the  Ranch  Hands  in  the  unknown  category  than  for  the 
Comparisons  in  the  background  category  (Adj.  RR=G.45,  95%  C.I.;  [0.22,0.94],  p=0.033). 

P.sych  jticism — SCL-90-R 

Model  1:  Ranch  Hands  •  Log2  (Initial  Dioxin) 

Under  the  minimal  assumption,  the  unadjusted  analysis  detected  a  nonsignificant 
association  between  initial  dio.xin  and  the  SCL-90-R  psychoticirm  variable  (Table  9-30  [a]: 
p=0.144).  The  maximal  unadjusted  analysis,  however,  did  find  a  significant  positive 
association  (Table  9-30  [bj:  Est.  RR=I.25,  p=0.022)  supported  by  increasing  percentages  of 
psychoticism  in  Ranch  Hands  for  increasin.g  levels  of  initial  dioxin  (low,  6.3%;  medium,  7.9%; 
high,  12.1%). 

The  adjusted  analysis  for  the  minimal  cohon  exhibited  a  nonsignificant  association 
between  initial  dioxin  and  psychoticism  (Table  9-30  [c]:  p=0.397).  For  the  maximal  cohon. 
the  adjustment  for  education  and  lifetime  alcohol  histc  7  reduced  the  significance  of  the 
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TABLE  9-30. 


Analysis  of  Psychoticism 
(SCL-SK)-R) 


Ranch  Hands  -  Log2  {Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est  Relative 

Risk  (95%  C.I.)2 

p-Valuc 

a)  Minimal 

Low 

116 

10.3 

130  (0.95,1.51) 

0.144 

(n=464) 

Medium 

229 

8.3 

Hig.h 

119 

12.6 

b)  Maximal 

Low 

158 

6.3 

1.25  (1.04,1.50) 

0.022 

(n=652) 

Medium 

328 

7.9 

High 

166 

12.1 

Ranch  Hands 

-Log2 

(initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95^3  ( 

C.I.)a 

P- 

-Value  Remarks 

c)  Minimal  1.12  (0.86,1.46)  0397  AGE’DRKYR  (p<0.001) 

(n=459)  .  AGE»ALC  (p=0.004) 

DRKYR*ALC  (jkO.OOI) 


d)  Maximal 
(n=640) 


1.19  (0.98,1.44) 


0.089  DRKYR  (p=0.073) 

EDUC  (p=0.042) 


^Relative  risic  for  a  t>vofold  iricrease  in  dioxin. 

Note:  .Minim al--Lxiw:  52-93  ppi;  .Medium;  >93-292  ppt;  High;  >292  ppc 

Ma.\imjI-Low:  25-56.9  ppt;  Medium:  >56.9-218  ppt;  High:  >218  pp:. 
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TABLE  9-30.  (Continued) 


Analysis  of  Psychoticism 
(SCL-90-R) 


Assumption 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnorma]/(n) 

Current  Dioxin 

Time  Est,  Relative 

(Yrs.)  Low  Medium  Hij;h  Risk  (95%  C.I.)® 

p-Value 

e) 

Minimal 

0.66lb 

(n=464) 

£18.6 

7.7 

8.9 

12.5 

1.10  (0.73,1.66) 

0.655= 

(65) 

(113) 

(48) 

>18.6 

13.2 

7.9 

12.7 

1.23  (0.91,1.67) 

0.182= 

(53) 

(114) 

(71) 

f) 

Maximal 

0.756b 

(n=652) 

<18.6 

4.4 

7.6 

11.1 

1.27  (0.94,1.73) 

0.122= 

(92) 

(171) 

(72) 

>18.6 

7.9 

9.4 

11.6 

1.20  (0.94,1.53) 

0.147= 

(63) 

(159) 

(95) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Time 

Adj.  Relative 

Covariatc 

Assumption 

(Yrs.) 

Risk  (95%  C.I.)2 

p-Value  Remarks 

8) 

Minimal 

0.967*>  AGE*DRKYR  (p<0.001) 

(n=459) 

<18.6 

1.08 

(0.70.1.67) 

0.731=  AGE*ALC  (p=0.004) 

>18.6 

1.09 

(0.76,1.57) 

0.632=  DRKYR*. 

ALC  (p<0.001) 

h) 

Maximal 

0.882b  DRXYR  (p=0,076) 

(n=640) 

<18.6 

1.20 

(0.87,1.65) 

0.272=  EDUC  (p=0.040) 

>18.6 

1.16 

(0.90.1.49) 

0.241= 

^Relative  riaic  for  a  twofold  mcretso  in  diorin. 

*Teit  of  significance  for  homogeneity  of  relative  riska  (current  diotin  continuous,  time  categorized). 
'T'est  of  significance  for  relative  risk  equal  to  I  (current  dioain  continuous,  lime  categorized). 

Note:  Minimil-Low:  ?10-14,6J  ppt;  Medium:  >14.65-45.75  ppq  High:  >45.75  ppt, 

Mazimal-Low:  >5-9.01  ppt;  Medium:  >9.01-33.3  ppu  High:  >33.3  ppt 
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TABLE  9-30.  (Continued) 

Analysis  of  Psycfccticism 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

690 

8.3 

All  Categories 

0.278 

Unknown 

294 

6.1 

Unknown  vs.  Exkground 

0.72  (0.42.1.25) 

0.249 

Low 

171 

8.2 

Low  vs.  Background 

0.99  (0.54,1.82) 

0.975 

High 

167 

11.4 

High  vs.  Background 

1.43  (0.82.2.47) 

0.206 

Total 

1,322 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

685 

All  Categories 

0.704 

AGE  (p=0.101) 

ALC  (p=0.008) 

Unknown 

291 

UaknowT.  vs.  Background 

0.78  (0.45,1.37) 

0.391 

RACE'EDUC 

Low 

167 

Low  vs.  Background 

0.99  (0.53,1.83) 

0.962 

(p=0.005) 

High 

166 

High  vs.  Background 

1.19  (0.67,2.10) 

0.555 

Total 

1,309 

Note:  Background  (Comparisons);  Care.-'t  Dioxin  ^10  ppt. 

Unloiown  (Ranch  Hands):  Cuncnt  iooxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  :s33J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 


Q  1  nc 
✓  -  I  imj 


positive  association  between  initial  dioxin  and  psychoticism  to  a  marginal  level  (Tabic  9-30 
[d]:  Adj.  RR=1.19,  p=0.0S9). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  psychoticism,  under  both  the  minimal  and  maximal 
assumptions,  the  interactions  between  current  dioxin  and  time  since  tour  were  not  significant 
(Table  9-30  [e]  and  [f]:  p=0.66i  and  p=0.756,  respectively).  The  association  between 
current  dioxin  and  psychoticism  was  also  nonsignificant  within  the  time  strata  for  both 
minimal  and  maximal  cohorts. 

These  findings  did  not  change  after  adjusting  for  covariate  information  (Table  9-30  [g] 
and  [h]:  p>0.20  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  both  the  unadjusted  and  adjusted  analyses  of  the  SCL-90-R  psychoticism  variable, 
the  simultaneous  contrast  of  the  tour  current  dioxin  categories  was  not  significant  (Table 
9-30  [i]  and  [j];  p=0,278  and  p=0.704,  respectively). 

Somatization — SCL-90-R 

Model  1;  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  SCL-90-R  somatization  variable  displayed  a 
nonsignificant  association  with  initial  dioxin  in  the  minimal  analysis  (Table  9-31  fa]: 
p=0.634).  The  maximal  unadjusted  analysis  detected  a  marginally  sigiiificant  positive 
association  betv/een  initial  dioxin  and  somatization  (Table  9-31  [b]:  Est.  RR=1.19, 
p=0.064).  The  prevalence  rates  for  somatization  in  Ranch  Hands  for  the  low,  medium,  and 
high  initial  dioxin  levels  were  6.3,  9.5,  and  13.9  percent. 

After  adjusting  for  covariatc  information,  the  result  of  the  minimal  analysis  remained 
nonsignificant  (Table  9-31  [c]:  p=0.810).  The  adjustment  for  education  and  age  under  the 
maximal  assumption  caused  the  association  between  initial  dioxin  a.nd  somatization  to 
become  nonsignificant  (Table  9-31  [d]:  p=0.348). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  SCL-90-R  somtatizarion  variable  based  on  current 
dioxin  ^d  tim.e  since  tour,  the  minimal  cohon  exhibited  a  significant  current  dioxin-by-time 
interaction  (Tabic  9-31  [ej:  p=0.015).  A  nonsignificant  negative  association  between 
somatization  and  current  dioxin  was  found  for  Ranch  Hands  with  18.6  years  or  less  since  tour 
(p=0.116),  and  a  marginally  significant  positive  association  was  di.snlayed  for  Ranch  Hands 
wtdi  more  dian  13.6  years  since  tour  (Est.  RR=1.33.  p=0.061).  For  the  earlier  tour  stratum 
(nme>lS.6  years),  the  prevalence  rates  of  abnormal  somatization  T-scores  were  9.4%,  7  9% 
and  16.9%  for  low,  m.edium,  and  high  current  dioxin. 
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TABLE  9-31 


Analysis  of  Somatization 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 

Risk  (95%  C.I.)a 

p-Value 

a)  Minimal 

Low 

116 

14.7 

1.06  (0.84,1.33) 

0.634 

(n=464) 

Medium 

229 

8.7 

High 

119 

13.5 

b)  Maximal 

Low 

158 

6.3 

1.19  (0.99,1.41) 

0.064 

(n=652) 

Medium 

328 

9.5 

High 

166 

13.9 

Ranch  Hands 

-  Lo32  (Tni^ial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  < 

C.I.)a 

_ 1 

/-Value  Remarks 

c)  Minimal 

1.03  (0.80,1.32) 

0.810 

EDUC  (p=0.028) 

(n=455) 

AGE-DRKYR  (p=0.010) 

d)  Ma.ximal 

1.10  (0.90,1.34) 

0.348 

AGE  (p=0.091) 

(n=648) 

EDUC  (jxO.OOl) 

*Relauve  risk  for  a  twofold  incrsase  in  dioxin. 

Note;  Minimal-- Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56,9  ppt;  Meditim:  >56.9-213  ppt;  High:  >218  ppt. 
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TABLE  9-31.  (Continued) 


Analysis  of  Somatization 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Assumption 

e)  Minimal 
(n=i464) 


0  Maximal 
(n=652) 


Time 

(Yrs.) 


Percent  Abnonna]/(n) 


Medium 


Est.  Relative 
Risk  (95%  C.I.)^ 


0.70  (0.45,1.09) 
1.33  (0.99,1.79) 


1.09  (0.81,1.47) 
1J20  (0.95,1.52) 


p-Value 

0.015^ 
0.1 16^ 

0.061= 


0.620*’ 

0.554= 

0.122= 


Assumption 

g)  Minimal 
(n=455) 


h)  Maximal 


(n=644) 


Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Adj.  Relative 
Risk  (95%  C.I.)a 


0.73  (0.46,1.15) 
1.33  (0.96,1.84) 


1.02  (0.74.1.41)*’’ 
1.13  (0.88.1.46)— 


p-Value 

0.025*’ 

0.175= 

0.084= 

0.608-*’ 

0.916-= 

0349—= 


Covariate 

_ Remarks _ 

EDUC'AGE  (p=0.037) 
AGE*DRKYR  (p=O.OC8) 


CURR*T1ME‘ALC  (p=0.036) 
AGE  (p=0.106) 

EDUC  (p<0.00!) 


*Rs!ax:ve  mk  for  a  twofold  increa-ia  in  diorin. 

of  jignificOTce  for  homogeneity  of  relative  risks  (cmrent  dioxin  continuous,  lime  categorized). 

'Test  of  signific.-mce  for  relative  nsk  equal  to  1  (current  dioxin  continuous,  time  categorized). 

—  Log2  (current  dioxin)-by-ume-ln'-covariate  interaction  (0.01<p^0.05);  adjusted  relative  risk,  confidence  interval,  .ind 
p-value  derived  from  a  model  fitted  .after  deletion  of  uhis  interaction. 

Note:  MinL71.ji-Low:  >10-14.63  ppt;  Medium:  >14,65-43.75  ppt;  High:  >43.73  ppL 

jV[jliijIUl-Low;  >5-9.01  ppt;  Medium;  >9.01-333  ppt;  High:  >33.3  ppt. 
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TABLE  9-31.  (Continued) 


Analysis  of  Somatization 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Value 

Backgnxuid 

690 

7.7 

All  Categories 

0.323 

Unknown 

294 

7.5 

Unknown  vs.  Background 

0.97  (0.58,1.63) 

0.915 

Low 

171 

9.4 

Low  vs.  Background 

1.24  (0.69,2.23) 

0.471 

High 

167 

12.0 

High  vs.  Background 

1.64  (0.95,2.82) 

0.077 

Total 

1,322 

j) 

Ranch  Hands  and 

Comparisons  by  Current 

Dioxin  Category  - 

Adjusted 

Current 


Dioxin 

Category 

n 

Contrast 

Adj.  Relative 

Ri.sk  (95%  C.I.) 

p-Va!ue 

Covariate 

Remarks 

Background 

685 

All  Categories 

0.597** 

DXCAT*RACE 

(p=0.027) 

Unknown 

293 

Unknown  vs.  Background 

1.05  (0.62.1.77)** 

0.857** 

AGE  (p=0.037) 

Low 

169 

Low  vs.  Background 

1.16  (0.64 .2.09)*’ 

0.626** 

EDUC  (p=0.002) 

High 

166 

High  vs.  Background 

1.49  (0.84.2.64)*« 

0.168** 

Total 

1.313 

••Categorized  corrent  dioxin-by-covariate  interaction  (0.01cpi0.05);  adjusted  relative  risk,  confidence  intervaj,  and 
p-vilue  derived  from  a  model  fitted  after  deletion  of  this  mtcraction. 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppt. 

Unicnown  (Ranch  Hands):  Current  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  £33  J  ppC 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppL 
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For  the  maximal  assumption,  the  unadjusted  analysis  displayed  a  nonsignificant  current 
dioxin- by- time  since  tour  interaction  (Table  9-31  [f];  p=0.620),  and  the  association  between 
current  dioxin  and  somatization  was  also  nonsignificant  within  each  time  stratum. 

The  current  dioxin-by-time  interaction  remained  significant  for  the  minimal  analysis 
after  adjustment  for  covariate  information  (Table  9-31  [g]:  p=0.025).  Also,  for  the  time  less 
than  or  equal  to  18.6  years  stratum,  the  negative  association  between  current  dioxin  and 
somatization  remained  nonsignificant  (Adj.  RR=0.73,  p=0.175),  and  for  the  time  over  18.5 
years  stramm,  the  positive  association  was  agam  marginally  significant  (Adj  RR=1.33, 
p=0.084). 

The  adjusted  ma:<imal  an.alysis  detected  a  significant  current  dioxin-by-time-by-current 
alcohol  use  interaction  (Table  9-31  [h]:  p=0.036).  To  investigate  this  interaction  the 
analyses  are  presented  separately  for  each  cunenr  alcohol  use  and  time  stratum  (Appendix 
Table  H-1).  For  those  Ranch  Hands  who  drank  one  drink  or  less  each  day,  the  interaction  of 
current  dioxin  and  time  since  tour  was  nonsignificant  (p=0.460).  Within  the  less  than  or 
equal  to  18.6  years  time  stratum,  ther^  was  a  nonsignificant  positive  association  between 
current  dioxin  and  somatization  fAdj.  RR— 1.07,  p=0.702),  and  for  the  time  greater  than  18,6 
years  stratum,  there  was  a  marginally  significant  positive  association  (Adj.  RR=1.27, 
p=0.094).  For  Ranch  Hands  who  drank  more  than  one  drink  each  day,  the  interaction 
berween  current  dioxin  and  time  was  nonsignificant  (p=0.459),  and  there  was  a  nonsignificant 
negative  association  berween  current  dic.xin  and  somatization  within  each  time  stratum 
(<18.6;  Adj.  RR  =0.85,  p=0.651;  >18.6:  Adj.  RR=0.56,  p=0.212). 

After  deletion  of  the  current  dioxin-by-time-by-current  alcohol  use  interactio-.  from  the 
model,  the  maximal  adjusted  analysis  exhibited  a  nonsignificant  current  dioxin-by-time 
interaction  (Table  9-31  [hj;  p=0.608). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis  of  the  SCL-90-R  somatization  variable,  the  test  for  overall 
differences  in  tne  prevalence  rates  of  somatization  of  the  four  categories  was  nonsignificant 
(Table  9-31  [i];  p=0,323).  However,  the  tests  of  individual  contrasts  among  these  groups 
found  the  frequency  of  somatization  to  be  marginally  higher  for  Ranch  Hands  in  the  hfgh 
category  than  for  the  Companions  in  the  background  categor/  (Table  9-31  fil;  Est.  RR=1  64 
95%  C.I.;  [0.95,2.82],  p=0.077;  background,  7.7Fo;  high,  12.0%). 


The  adjusted  analysis  of  the  SCL-90-R  somatization  variable  detected  a  significant 
categorized  current  dioxin-by-racc  interaction  (Table  9-31  [j]:  p=0.027).  To  examine  this 
interaction,  stratified  analyses  are  presented  for  Blacks  and  non-Blacks  (Appendix  Table 
Black  stramm.  there  were  only  six  Comparisons  in  die  background  category 
(14.3%)  and  three  Ranch  Hands  in  the  unknown  category  (30.0%)  who  had 'abnormal  ' 

somatization  T-scores.  The  overall  contrast  of  the  four  current  dioxin  categories  was 
significant  fp=0.048);  however,  the  contrast  of  the  Ranch  Hands  in  the  unknown  category 
versus  the  Comparisons  in  the  background  category  was  not  significant.  For  the  non-Black 
stratum,  the  simultaneous  contrast  of  the  four  current  dioxin  categories  was  nonsignificant 
(p=0.1S0).  The  percentages  of  abnormal  somatization  T-scores  for  the  background. 
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unknown,  low,  and  high  current  dioxin  categories  were  7.3,  6,7,  10.1,  anu  12  "  ^ 

contrast  of  the  Ranch  Hands  in  die  high  category  versus  the  Compansons  m  'ho  backgmL.iO. 
category  was  marginally  significant  (Adj.  RK=1.69,  95%  C.L;  [0.95,3.02],  p  --0.076). 

After  deleting  the  interaction  from  the  model,  the  adjusted  analysis  of  tlie  SGL 
somatization  variable  did  not  detect  a  significant  difference  in  the  percentage  of  ab,\  1 
somatization  T-scores  of  the  four  current  dioxin  categories  (Table  9-31  U]:  p>0.1.''  r-r  each 
analysis). 

Global  Severity  Index — SCL-90-R 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  the  global  severity  index,  there  was  a  marginally 
significant  positive  association  with  initial  dioxin  for  the  minimal  cohort  and  a  significant 
association  with  initial  dioxin  for  the  maximal  cohort  (Table  9-32  [a]  and  [b]:  Est.  RR=1.25, 
p=0.073  and  Est.  RR=1.27.  p=0.013,  respectively).  The  re'ative  frequency  of  Ranch  Hands  in 
the  minimal  cohort  with  an  abnormal  global  severity  index  was  nearly  the  same  for  the  low 
and  medium  initial  dioxin  levels  18.6%  and  8.3%,  respectively).  However,  the  frequency  at 
the  high  initial  dioxin  level  was  greater  (13.5%).  Similarly,  the  corresponding  frequencies  for 
the  maxim.al  cohort  were  6.3,  6.4,  and  14.5  percent. 

After  adjusting  for  age,  lifetime  alcohol  history,  and  education,  neither  the  minimal  nor 
the  maximal  analysis  found  a  significant  association  between  initial  dioxin  and  the  global 
severity  index  (Table  9-32  [c]  and  [d]:  p=0.467  and  p=0.294,  respectively). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  global  severity  index  based  on  current  dioxin  and  time 
since  tour,  neither  the  minimal  nor  the  maximal  cohen  displayed  a  significant  current  dioxin- 
by-time  interaction  (Table  9-32  [e]  and  [f];  p=0.301  a.nd  p=0.893,  respectively).  Thus,  the 
positive  associations  between  current  dioxin  and  die  global  severity  index  were  not 
statistically  different  between  the  two  time  strata. 

In  the  minimal  unadjusted  analysis,  the  association  between  current  dioxin  and  the 
global  severity  index  was  not  significant  for  the  time  less  than  or  equal  to  18.6  years  stratum, 
but  there  was  a  significant  jx/sinvc  association  for  Ranch  Hands  'with  over  18.6  years  since 
tour  (Table  9-32  [e]:  Est.  RR=1.I1.,  p=U.6(J9:  Est.  RR=1.44,  p=0.026,  respectively).  For 
Ranch  Hands  with  time  over  18.6  years  since  tour,  the  percentages  of  abnormal  global 
severity  indices  for  low,  medium,  and  high  current  dioxin  were  7.6,  6.1,  and  14.1  percent. 

In  the  maximal  unadjusted  analysis,  there  was  a  marginally  significant  positive 
association  between  current  dioxin  and  the  global  severitv  index  for  both  time  strata  (Table 
9-32  [f]:  <18.6:  Est.  RR=  1.31,  p={).069;  >18.6:  Est.  RR'^  1.28,  p=0. 061).  Within  the  rime 
less  than  or  equal  to  18.6  years  stratum  the  prevalence  rates  of  an  abnormal  global  severity 
index  for  low,  medium,  and  high  current  dioxin  levels  were  4.4,  8.8,  and  12.5  percent.  For  the 
time  over  18.6  years  stratum  the  prevalence  rates  did  not  increase  steadily  with  increasing 
current  dioxin,  but  the  association  was  still  positive  (low,  7.9%;  medium,  6.3%;  high,  12.6%). 


9-131 


TABLE  9-32. 


Analysis  of  Global  Severity  Index 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

r. 

Est.  Relative 
Risk  (95%  C.D^ 

p-Value 

a)  Minimal 

Low 

116 

8.6 

1.25  (0.98,1.58) 

0.073 

(n=464) 

Medium 

229 

8.3 

High 

119 

13J 

b)  Maximal 

Low 

158 

6.3 

1-27  (1.06,1.53) 

0.013 

(n=652) 

Medium 

328 

6.4 

High 

166 

14.5 

Ranch  Hands 

-Log2 

(Initial  Dioxin)  -  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.y* 

p-Value 

Remarks 

c)  Minimal 

1.10  (0.85,1.42) 

0.467 

EDUC  (M-036) 

(n=455) 

AGE'DRKYR  (p=0.004) 

d)  Maximal 

1.12  (0.91,1.36) 

0.294 

EDUC  (p=0.(»6) 

(n=640) 

AGE  (p=0.029) 

DRKYR  (p=0.131) 

*Re!auve  risk  for  a  twofold  increase  in  dioxin. 

Note:  Miaimii-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High;  >292  ppL 

23-56.9  ppt;  Medium;  >56.9-218  ppt;  High:  >218  ppt. 
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TABLE  9-32.  (Cont’nucd) 

Analysis  of  Globa!  Severity  Index 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnomal/(n) 


Tune 

Est.  Relative 

Assumption 

(Yrs.) 

Low 

Medium 

Hitrh 

Risk  (95'1.  C.I.)3 

p-Value 

c) 

Minimal 

0.301 

(n=464) 

<18.6 

9.2 

8.9 

16.7 

1.11  (0.75.1.63) 

0.609^ 

(65) 

(11?) 

(48) 

>18.6 

7.6 

6.1 

14.1 

1.44  (1.04.1.98) 

0.026C 

(53) 

(114) 

(71) 

f) 

Maximal 

0.893*’ 

(n=652) 

il8.6 

4.4 

8.8 

12.5 

1.31  (0.98,1.75) 

0.069<’ 

(92) 

(171) 

(72) 

>18.6 

7.9 

6.3 

12.6 

1.28  (0.99,1.64) 

0.06  ic 

(63) 

(159) 

(95) 

Ranch  Hands  - 

Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Time 

Adj.  Relau've 

Covariate 

Assumption 

(Yrs.) 

RisJe  (95<^e  C.I.)^ 

p-Va!uc 

Remarks 

g) 

Minimal 

0J38***’ 

CX'RR’TINE’RACE  (p=0.049) 

(n=455) 

218,6 

1.02  (0,67,1.55)*» 

0.9 1 5  “C 

EDUC*AGE  (p=0.039) 

>18.6 

1.33  (0,93, 1.89)*" 

0 

AGE’DKKYR  (pr=0,C01) 

fi) 

Maximal 

0.886^ 

AGE  (p=0.040) 

(n=640) 

218.6 

1.14  (0,84.1.5.*^) 

0A05^ 

DRKYR  (p=0.124) 

>18.6 

1.11  (0.84.1.46) 

0.471- 

EDUC  (p=0.CC6) 

*RelaLive  ri.ik  for  a  Uivo^old  incTc.w«  in  dioxin. 

of  significance  for  homogenciry  of  relsuve  risks  (current  diosm  continuous,  time  citegoriied). 
iTest  of  significance  for  relative  risk  ei^iiaj  to  1  (current  dioxin  continuous,  time  categorized), 

**Log2  (current  dioxin)-by-ti— e-by-covjnste  interaction  (0.01<fi0.05);  aiijusled  relative  risk,  confidence  interral,  and 
p-value  derived  from  a  model  fitted  after  deletion  of  this  intersetion. 

Note:  .Minirm!--Low:  ftpt;  Medium:  >14.65-15.75  fpt:  High:  >-!5.75  ppt. 

>5-9.01  ppt:  .Medium:  >9.01-33.3  ppt;  Hig.h;  >33.3  ppt. 
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TABLE  9-32.  (Continued) 


Analysis  of  Global  Severity  Lndex 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Caictrory 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Value 

Background 

690 

6.1 

All  Categories 

0.025 

Unknown 

294 

5.1 

Unknown  vs.  Bxkground 

0.83  (0.4MJ2) 

0.545 

Low 

171 

7.6 

Low  V5,  Background 

1.27  (0.67.2.42) 

0.469 

High 

167 

12.6 

High  vs.  Background 

2.22  (1.28J.86) 

0.005 

Total 

U22 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Adjusted 


Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Relative 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

685 

All  Categories 

0.333 

AGE  (p=0.016) 

ALC  (p=0.019) 

Unknown 

2<51 

Unknown  vj.  Background 

0.92  (0.50,1.71) 

0.803 

EBUC  (p=0.003) 

Low 

167 

Lew  vs.  Background 

1.22  (0.64,2.35) 

0..546 

High 

166 

High  vs.  Background 

1.66  (0.93Z97) 

0.034 

Total 

1,309 

Note:  Btckground  (Comv»ri5ons):  Currtnit  Dioxin  ^10  ppL 

Unknown  CRanch  Hando):  Currmc  Dioxin  sIO  ppt. 

Low  (Ranch  Handj):  13  pp»  <  Currmt  Dioxin  s33-3  ppL 
High  (Ranch  Hands);  CuiT'ml  Dioxin  >33S  ppt 
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Under  the  minimal  assumption,  the  adjusted  analysis  detected  a  rlgnificant  current 
dioxin-by-time-by-race  interaction  (Table  9-32  [g];  p=0.049).  To  examine  this  interaction, 
stratified  analyses  are  presented  for  each  race  stratum  (Appendix  Table  H-1).  The  stratified 
analyses  did  not  exhibit  a  significant  interaction  between  current  dioxin  and  time  since  tour 
for  either  the  Black  or  the  non-Black  stratum  (p=0.176  and  p=0.221).  However,  within  the 
non-Black  stramm,  there  was  a  significant  positive  association  between  current  dioxin  and 
the  global  severity  index  for  Ranch  Hands  with  time  over  18.6  years  (Adj.  RR=1.46, 
p=0.046),  and  a  nonsignificant  positive  association  for  Ranch  Hands  with  18.6  years  or  less 
since  tour  (Adj.  RR=1.04,  p=0.866).  The  Black  stratum  contained  only  four  Ranch  Hands 
with  an  abnormal  global  severity  index  (none  of  whom  were  in  the  high  current  dioxin 
category). 


After  deletion  of  the  current  dioxin-by-time-by-race  interaction,  the  minimal  adjusted 
analysis  exhibited  a  nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table  9-32 
[g]:  p=0.338).  The  association  between  current  dioxin  and  the  global  severity  index  was 
also  nonsignificant  within  each  time  stramm.  Under  the  maximal  assumption,  the  adjusted 
analysis  also  displayed  a  nonsignificant  interaction  between  current  dioxin  and  time  (Table 
9-32  [h]:  p=0.886)  as  well  as  nonsignificant  associations  within  time  strata. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
^  The  analysis  of  categorized  current  dioxin  found  significant  differences  in  the  percentage 
of  abnormal  scores  on  tlie  global  severity  index  for  the  four  current  dioxin  categories  (Table 
9-32  [i]:  p^,025).  Tne  frequencies  of  abnoimal  global  severity  indices  for  the  bac.kground, 
unknown,  low,  and  high  current  dioxin  categories  were  6.1,  5.1,  7.6,  and  12.6  percent. 
Specifically,  the  percentage  of  participants  with  an  abnoimal  global  severity  index  was 
significantly  higher  tor  the  Ranch  Hands  in  the  high  categorv  than  for  the  Comparisons  in  the 
background  category  (Tabic  9-32  [i];  Est.  RR=2.22,  95%  C.I.;  [1.28,3.86],  p=0.005). 

After  adjusting  for  education,  age,  and  current  alcohol  use,  the  contrast  of  the  four 
current  dioxin  categories  did  not  detect  any  significant  differences  among  the  prevalence  rates 
of  an  abnormal  global  severity  index  (Table  9-32  [jj:  p=0.333).  However,  the  contrast  of  the 
Ranch  Hands  in  the  high  category  versus  the  Comoarisons  in  the  backsround  category  was 
marginally  significant  (Table  9-32  [j]:  Adj.  RR=1.66.  95%  C.I.:  [0.93,2.97],  p=0.084)  with 
Ranch  Hands  having  a  higher  risk  of  abnormal  global  severity  indices. 


Positive  I'ymptom  Total— SCL-90-R 
Model  1:  Ranch  Hands  -  Lugi  (Initiul  Dioxin) 

The  unadjusted  analysis  under  the  minimal  assumption  detected  a  marginally  significant 
positive  associanon  between  initial  dioxin  and  the  positive  symptom  total  for  Ranch  Hands 
^able  9-33  [a]:  Est.  RR=1.25,  p=0.079).  The  associated  relative  frequencies  of  Ranch 
Hands  with  an  a.cnormal  positive  symptom  total  for  low,  medium,  and  high  initial  dioxin 
categories  were  6.9,  7.4,  and  12.6  percent.  For  the  maximal  assumption,  the  unadjusted 
analysis  displayed  a  significant  positive  as.scciarion  between  initial  dio.xin  and  the  positive 
symptom  total  (Table  9-33  [bj:  Est.  RR=I.23.  p=0.043).  The  percentages  of  abnormalities 
lOT  un%  cohort  decrea.sed  rrom  low  to  medium  initial  dioxin  cateeones  and  then  increased  for 
the  high  initial  dio.xin  category  flow.  7.0%;  medium,  5.5%;  hi-th,  13.37c). 


TABLE  9-33. 


Analysis  of  Positive  Symptom  Total 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Initial 

Percent 

Est.  Relative 

Assumption 

Dioxin  n 

Abnormal 

Risk  (95%  C.!)^ 

p-Value 

a)  Minimal 

Low  116 

6.9 

1.25  (0.98,1.61) 

0.079 

(ri=464) 

Medium  229 

7.4 

High  119 

12.6 

b)  Maximal 

Low  158 

7.0 

1.23  (1.01,1.49) 

0.043 

(n=652) 

Medium  328 

5.5 

High  166 

13.3 

Ranch  Hands  -  Log 

12  (Initial  Dioxin)  ■  Adjusted 

Adj.  Relative 

Covariate 

Assumption 

Risk  (95%  C.I.)a 

p-Value 

Remarks 

c)  Minimal 

1.12  (0.86,1.47) 

0398  EDL'C'AGE  fp=0.032) 

(n=435) 

• 

AGE 

•OF'C'R  (p=^'0.003) 

d)  Maximal 

1.08  (0.88.1.34) 

0.454  AGF 

■  p^O.038) 

(n=640) 

DRk 

(p=0.i>49) 

EDUC  (p=0.09l) 

*Relaiive  risk  for  a  rwofold  mcreise  in  dioxin. 

Note;  Min.iinjii--Low:  52-93  ppt;  Medium:  >93-292  ppi;  High;  >292  ppL 

MASiaji-Low;  25-56.9  ppt;  Medium:  >56.9-218  ppq  High;  >213  ppt. 


TABLE  9-33.  (Continued) 


Analysis  of  Positive  S}Tnptom  Total 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Percent  Abnonnal/(n) 

Current  Dioxia _ 


Tune  Est  Relative 

Assumption _ (Yrs.)  Low _ Medium _ High _ Risk  (95%  C.I.)^ _ p-Value 


c)  Minimal 

0.944b 

(n=464) 

<18.6 

7.7  7.1 

18.8 

1.29  (0.87,1.89)  0.20  ic 

(65)  (113) 

(48) 

>18.6 

5.7  6.1 

11.3 

1.31  (0.93,1.85)  0.125'= 

(53)  (114) 

(71) 

f)  Maximal 

0.447b 

(n=652) 

il8.6 

5.4  7.0 

13.9 

1.36  (1.01.1.82)  0.O41<= 

(92)  (171) 

(72) 

>18.6 

7.9  6.3 

9.5 

1.16  (0.88,1  J3)  0.2S2<= 

(63)  (159) 

(95) 

Ranch  Hands  -  Log2  (Current  Dioxin)  ar.d  Time  -  Adjusted 

Time 

Adj.  Relative 

Covaxiate 

Assumption 

(Yrs.) 

Ri.sk  (95%  Cl.)*"' 

p-Value  Remar.ks 

g)  Minimal 

0.966b  EDUC’AGE  (p=0.024) 

(n=455) 

<18.6 

1.17  (0.77,1.76) 

0.462C  AGE’DRK'i'R  (p=0.004) 

>18,6 

1.18  (0.81,1.72) 

0.388C 

h)  Maximal 

0.401  b  age  (p=0.057) 

(n=640) 

<18.6 

1.21  (0.89,1.65) 

0.233c  EDUC  (p=0.046) 

>18.6 

1.01  (0.75,1.36) 

0.951=  DRKYR  (p=0.045) 

^Relative  risk  for  a  twofold  inert 

x'ic  in  dioxin. 

of  significance  for  homogeneiiy  of  reiative  risks  (oirrcnt  diosin  coniinuous,  time  cjiegorized). 
^cst  of  signific.mce  for  relative  risk  ecjiui  to  I  (cuncnt  diosin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14.65  ppt;  .\'cdium;  >14.65-45.75  pT’:;  High:  >45.75  ppL 

Ma.aimal-Low:  >5-9,0'  ppt;  Medium:  >9.0t-J3.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-33.  (Continued) 


Analysis  of  Positive  Svmptom  Total 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

EsL  Rebtive 

Risk  (9570  C.I.) 

p-Value 

Background 

690 

6.1 

All  Categories 

0.084 

Unknown 

294 

5.1 

Unknown  vs.  Background 

0.83  (0.45,1.52) 

0.545 

Low 

171 

7.0 

Low  vs.  Background 

1.16  (0.60,2.26) 

0.653 

High 

167 

11.4 

High  vs.  Background 

1.98  (1.12,3.50) 

0.019 

Total 

1,322 

j) 

Ranch 

Hands  and 

Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Category 

n 

Contrast 

Adj.  Rebtive 
Risk  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

685 

,MI  Categories 

0.429 

AGE  (p=0.091) 

ALC  (p=0.012) 

Unknown 

291 

Unknown  vs.  Background 

0.92  (0.50,1.70) 

0.785 

EDUC  (p=0.091) 

Low 

167 

Low  vs.  Background 

1.19  (0.61,2.34) 

0.608 

High 

166 

High  vs.  Background 

1.60  (0.88.2.92) 

0.123 

Total 

1,309 

Note:  Backgroujid  (Comparijoni):  Current  Dioxin  ilO  ppt 

Uninown  (Ranch  Hands):  Current  Dioxin  <;I0  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <l33J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppL 
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After  adjusting  for  an  education-by-age  interaction  and  an  age-by-lifetirae  alcohol 
history  interaction,  the  association  between  initial  dioxin  and  the  positive  symptom  total 
became  nonsignificant  for  the  minimal  anaJysis  (Table  9-33  [cj:  p=0.398).  Sin^arly, 
adjustment  for  age,  lifetime  alcohol  histo’.y,  and  education  caused  the  results  of  the  maximal 
analysis  to  also  become  nonsignificant  (Table  9-33  [d]:  p=0.45s'). 


Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  based  on  current  dioxin  and  time  since  tour,  neither  the 
minimal  nor  the  maximal  cohort  displayed  a  significant  current  dioxin-by-time  interaction 
(Table  9-33  [e]  and  [f]:  p=0.94-:l  and  p=0  447,  respectively).  However,  for  the  maximal 
assumption,  a  significant  increasing  association  between  the  positive  symptom  total  and 
current  dioxin  was  found  for  Ranch  Hands  v/ith  1 8.6  years  or  less  since  tour  (Table  9-33  [f]: 
Est.  RR=1.36,  p=0.041).  Within  this  time  stratum,  the  abnormal  positive  symptom  total 
frequencies  for  low,  medium,  and  high  current  diomn  were  5.4,  7.0,  and  13.9  percent. 

Consistent  with  the  initial  dioxin  analyses,  the  adjustment  for  the  same  covariates 
caused  no  significant  results  to  be  found  in  either  the  minimal  or  the  maximal  adjusted 
analysis  of  the  positive  symptom  toDl  (Table  9-33  [gj  and  [hj;  p>0.20  for  each  analysis). 


Model  3:  Ra.\ch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  positive  symptom  total,  the  contrast  of  the  four  current 
dioxin  categories  was  marginally  significant  (Table  9-33  [ij:  p=^0.084).  The  frequencies  of 
abnormal  positive  symptom  totals  for  the  bac'-eground,  unlcnown,  low,  and  high  ciurent  dioxin 
categories  were  6.1,  5.1,  7.0,  and  11.4  percent.  Specifically,  die  analysis  found  Ranch  Hands 
in  the  high  category  had  a  signiiicantly  higher  percentage  of  abnormal  positive  symptom  totals 
than  the  Comparisons  in  the  background  category  (Table  9-33  [i];  Est.  RR=1.98,  957o  C.I.- 
[1.12,3.50],  p=0.019). 

After  adjusting  for  education,  age.  and  current  alcohol  use,  the  analysis  found  no 
differences  regarding  the  positive  symptom  total  among  the  four  categories  (Table  9-33  [j]; 
p>0. 10  for  each  analysis). 

Positive  Symptom  Distress  Index — SCL-90-R 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

N'eithei  the  unadjusted  minimal  nor  maximal  analysis  detected  a  significant  associatit^n 
between  initial  dioxin  and  the  positive  symptom  distress  index  of  Ranch  Hands  (Table  9-34 
[a]  and  [b]:  p:^.922  and  p=0.187,  respectively). 

Aiter  adjusting  for  lifetime  alcohol  history/  and  current  adcohol  use,  the  minimal  and 
maxim.al  adjusted  analyses  displayed  consistently  nonsignificant  results  (Table  9-34  fcl  and 
[d]:  p=0.896  and  p=0.164,  respectively). 


TABLE  9-34. 

Analysis  of  Positive  Symptom  Distress  Index 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Initial  Diosn)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Percent 

Abnormal 

Est.  Relative 
Risk  (95%  C.D^ 

p-Value 

a)  Minimal 

Low 

116 

10.3 

1.01  (0.80,1.28) 

0.922 

(n=464) 

Medium 

229 

11.8 

High 

119 

10.9 

b)  Maximal 

Low 

158 

7.0 

1.13  (0.94,1.35) 

0.187 

(n=652) 

Medium 

328 

11.6 

High 

166 

9.6 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Adj.  Relative  Covariate 

Assumption _ Risk  (95%  _ p^- Value  Remarks 


c)  Minimal 

1.02  (0.80,1.29) 

0.896 

ALC  (p=0.070) 

(n=459) 

DRKYR  (p=0.011) 

d)  Maximal 

1.14  (0.95,1.37) 

0.164 

ALC  (p=0.133) 

(n=644) 

DRKYR  (p=0.023) 

®Re!idve  mlc  for  a  twofold  increise  in  dioxin. 

Note:  MlniHUl-Low;  52-93  ppt,  .Medium:  >93-292  ppt;  High:  >292  pp’- 

Maximal-Low:  25-56.9  ppt;  Medium:  >56.9-213  ppt;  High:  >213  ppt. 
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TABLE  9-34.  (Continued) 


Analysis  of  Positive  Symptom  Distress  Index 
(SCL-90-R) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Percent  Abnormal/tn) 


e)  Minimal 

(n=464)  <18.6 


0  Maximal 

(n=652)  <18.6 


>18.6 


Low 

Medium 

_HiSh 

7.7 

16.8 

8.3 

(65) 

(113) 

(48) 

11.3 

7.9 

12.7 

(53) 

(114) 

(71) 

6.5 

12.3 

11.1 

(92) 

(171) 

(72) 

7.9 

9.4 

10.5 

(63) 

(159) 

(95) 

Est.  Relative 
Risk  (95%  C.I.)a 


3- Value 


0.95  (0.65,1.39) 
1.07  (0.77,1.48) 


0.643b 

0.787C 


0.691C 


1.16  (0.88,1.52) 
1.10  (0.85,1.41) 


0.783b 

0.291C 


0.465^ 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  •  Adjusted 


Time  Adj.  Relative 

Assumption  (Yrs.)  Risk  (95*^  C.I.)^ 


-Value 


Covariate 

Remarks 


g)  Minimal 
(n=459) 


<18.6 

>18.6 


0.93  (0.63,1.36) 
1.10  (0.79,1.51) 


0.518b 
0.705C 
0.58 1C 


RACE  (p=0.147) 
DRKYR  (p=0.007) 
ALC  (p=0.084) 


h)  Maximal 
(n=644) 


<18.6 

>18.6 


1.17  (0.89,1.55) 
1.12  (0.37,1.44) 


0.796b 

0.254C 

0.392C 


ALC  (p=:0.128) 
DRKYR  (p=0.017) 


^Rc:!a!ive  risk  for  a  twofold  'hctc-I-'O  in  dioxin. 

’'Test  of  signincir.oe  for  bomoiw.eity  of  relative  risk.1  feurrent  dioxin  coniln-.ious.  tir.ie  categorized). 
‘^T.est  of  sitpnificcnce  for  relative  risk  equal  to  1  (current  dioxin  continuous,  tunc  categorized). 

.■-fotc:  65  ,,pt;  .Medium:  >i-J.,55~5.75  pp.t;  High:  >15.75  ppt, 

ttlhUIDJi-Lov,-:  >5-9.01  ppt;  .Medium:  >9,01-33.3  pp-:  Hig.n:  >33,3  ppt. 


i 
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TABLE  9-34.  (Continued) 

Analysis  of  Positive  Symptom  Distress  Index 
(SCL-90-R) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Percent 

Abnormal 

Contrast 

Esl  Relative 

Risk  (95%  C.I.) 

p-Value 

Baclcground 

690 

8.6 

All  Categories 

0.076 

Unknown 

294 

5.8 

Unknown  vs.  Background 

0.66  (0.38,1.15) 

0.139 

Low 

171 

12.3 

Low  vs.  Background 

1.50  (0.88,2.54) 

0.135 

Higii 

167 

10.8 

High  vs.  Background 

1.29  (0.74,2.26) 

0.367 

Total 

1,322 

J) 

Ranch 

Hands  and  Comparisons  by  Current 

Dioxin  Category  - 

Adjusted 

Current 

Dioxin  Adj.  Relative  Covariatc 


Category 

n 

Contrast 

Pisk  (95%  C.I.) 

p- Value 

Remarks 

Background 

690 

All  Categories 

0.076 

Unknown 

294 

Unkno'wn  vs.  Background 

0.66  (0.38,1.15) 

0.139 

Low 

171 

Low  vs.  Background 

1.50  (0.83,2.54) 

0.135 

High 

167 

High  vs.  Background 

1.29  (0.74,2.26) 

0.367 

Total 

U22 

Note;  Background  (Comparisons);  Current  Dioxin  ilO  ppt. 
Unknown  (Ranch  Hands):  Current  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  i33.J  ppL 
High  (Ranch  Hands):  Current  Dioxin  >33J  ppt. 


ltd 


I 

I 

I 
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Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  both  the  minima!  and  maximal  unadjusted  and  adjusted  analyses,  the  current  dioxin-by-time 
since  tour  interaction  and  the  associadon  between  current  dioxin  and  the  positive  symptom  distress 
index  within  each  dme  stratum  were  nonsignificant  (Tabic  9-34  [c-h]:  p?^.25  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  with  categorized  current  dioxin  found  a  marginally  significant 
difference  in  the  percentage  of  Ranch  Hands  described  as  abnormal  for  the  positive  symptom 
distress  index  of  the  four  current  dioxin  categories  (Table  9-34  [i]:  p=0.076).  However,  no 
significant  differences  were  detected  between  the  background  group  of  Comparisons  and  any 
of  the  three  categories  of  Ranch  Hands.  The  percentages  of  participants  with  an  abnormal 
positive  symiptom  distress  index  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories  were  8.6,  5.8,  12.3,  and  10.8  percent. 

In  the  adjusted  analysis,  none  of  the  candidate  covariates  were  retained  in  the  model: 
thus,  the  relative  risks  and  associated  p-values  for  the  adjusted  analysis  (Table  9-34  [j])  are 
identical  to  the  unadjusted  results  (Table  9-34  [i]). 

Schizoid  Score — MC?»n 

Model  1:  Ranch  Hands  -  Lcg2  (Initial  Dioxin) 

The  schizoid  score  of  the  MCMI  displayed  a  significant  positive  association  with  initial 
dioxin  for  both  the  unadjusted  minimal  and  the  unadjusted  maximal  analyses  (Table  9-35  [a] 
and  [b]:  p<0.001  for  both  analyses).  The  unadjusted  mean  schizoid  scores  for  the  minimal 
cohort  for  the  low,  medium,  and  high  initial  dioxin  categories  were  22.9,  25.1,  and  28.6.  For 
the  maximal  cohort,  the  corresponding  mean  scores  were  23.0,  24.3,  and  27.0,  respectively. 


The  adjusted  analysis  also  displayed  a  signiricant  positive  association  between  the 
MCMI  schizoid  score  and  initial  dioxin  for  both  minimal  and  maximal  cohorts  (Table  9-35  [c] 
and  [d]:  p=0.002  for  both  analyses). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  based  on  current  dioxin  and  time  since  tour,  the  minimal 
cohon  displayed  a  marginally  siguirlcant  current  dioxin-by-tim,e  interaction  ("^able  9-35  [ej: 
p=0.070).  The  schizoid  score  for  Ranch  Hands  vdth  13.6  years  or  less  since  tour  exhibited  a 
nonsignificant  positive  association  with  current  dioxin  fp=6.442),  and  for  Ranch  Hands  with 
rimiC  over  18.6  years  there  was  a  significant  positive  as-sociation  (p<0.(X)l).  The  unadjusted 
mean  scores  for  the  more  than  18.6  years  stratum  for  low  and  medium  current  dioxin  were 
very  sim.ilar  (23. i,  and  24.6).  However,  for  Ranch  Hands  with  high  current  dioxin,  the  mean 
schizoid  score  wa.s  much  higher  (32.5). 

The  unadjusted  analysis  under  the  maxinial  assumption  also  displaved  a  marginally 
significant  current  dioxin-by-dme  since  tour  interaction  (Table  9-35  [f]:  0=0.054).“ Simi'lar  to 
tne  minimal  analysis,  there  was  a  non.signincant  positive  association  between  the  schizoid 
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TABLE  9-35, 


Analysis  of  Schizoid  Score 

(MCm 


Assumption 

Ranch  Hands 

Lai  dal 
Dioxin 

-  Log2  (Initial  Dioxin)  - 

n  Mean^ 

Unadjusted 

Slope 

(Std  Error)^  p-Value 

a)  Minimal 

Low 

129 

22.9 

0.077  (0.021)  <0.001 

(n=514) 

Medium 

236 

25.1 

(R2=0.025) 

High 

129 

28.6 

b)  Maximal 

Low 

182 

23.0 

0.065  (0.016)  <0.001 

(n=732) 

Medium 

368 

24.3 

(R2=0.023) 

High 

182 

27.0 

Ranch  Hands  -  Lcg2  (Initial  Dioxin) 

•  Adjusted 

Inidal 

Adj. 

Adj.  Slope 

Covariatc 

Assumption 

Dioxin  n 

Mean^ 

(Std.  EiTor)^  p 

1- Value  Remarks 

c)  Minimal 

Low  128 

22.8  ( 

0.068  (0.021) 

0.002  EDUC  (p=0.010) 

(n=510) 

Medium  254 

24.4 

(r2=0.037) 

High  128 

27.7 

d)  Ma.ximal 

Low  179 

23.9  ( 

0.051  (0.017) 

0.002  EDUC  (p=0.006) 

(n=719) 

Medium  362 

23.9 

AGE*ALC  (p=0.037) 

(R2=o.046) 

High  178 

26.2 

AGE*DRKYR 

(p=0.025) 

*TransfoTrned  from  natural  logiricJim  scale. 

^Slope  and  sur.'tard  error  based  on  natural  logarithm  schizoid  score  versus  logo  dioxin. 
Note:  Minimal-Low:  52-93  fpt;  Medium:  >93-292  ppe  I'-gh;  >292  ppu 

Maximal-Low:  25-56.9  ppu  Medium:  >56.9-21S  ppt;  High;  >2'3  ppt. 
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TABLE  9-35.  (Continued) 


Analysis  of  Schizoid  Score 
(MOH) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Mean^/(n) 


Assumption 

Tune 

(Yrs.) 

Low 

Medium 

Hi^h 

Slope 

(Std.  Error)*’ 

p-VaJue 

c)  Minimal 

0.070<= 

(n«514) 

£18.6 

22.3 

25.4 

25.0 

0.027  (0.034) 

0.442^ 

CR^O.033) 

(72) 

(128) 

(53) 

>18.6 

23.2 

24.6 

32.5 

0.107  (0.028) 

<o.ooi‘i 

(56) 

(129) 

(76) 

f)  Maximal 

0.054C 

(n*732) 

<18.6 

23.3 

23.7 

25.3 

0.029  (0.024) 

0.231'^ 

CR^O.029) 

(105) 

(190) 

(82) 

>18.6 

22.9 

24.0 

30.3 

0.091  (0.021) 

<0.001‘1 

(78) 

(175) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Adj.  Mean^/(n) 

jluccaLPioAia 


A.ssu:dption 

Time 

(Yrs.) 

Low 

Medium 

High 

Adj.  Slope 
(Std.  Emr)** 

p- Value 

Covariate 

Rcmarics 

£) 

Minimal 

0.074C 

RACE  (p=0.128) 

(n=510) 

<18.6 

20.8 

23.0 

22.5 

0.015  (0.034) 

0.662'* 

EDUC  (p=0.008) 

(R2s=0.049) 

(71) 

(127) 

(53) 

>18.6 

21.8 

22.4 

29.3 

0.094  (0.028) 

0.001'* 

(56) 

(128) 

(75) 

h) 

Maximal 

0.044**c 

CURR*TIME*DRKYR 

(n=719) 

<18.6 

24.0** 

23.3** 

24,6** 

0.012  (0.025)** 

0.615**<* 

(p={).040) 

(r2=0.051) 

(104) 

(186) 

tSI) 

EDUC  (p=0.004) 

>18.6 

23.4»* 

23.7** 

29.1** 

0.077  (0.023)** 

<0.001**'* 

(77) 

(172) 

(99) 

*Tr!ms formed  from  n,rnira]  logiridim  scale. 

'’Slope  ir.d  standard  error  based  on  naniril  logarithm  schiroid  score  vers'js  log-i  dioxm. 

'Test  of  signiricince  for  homoeereiry  of  slopes  (ctirrcm  dioxin  continuous,  time  catcgorir'd). 

''Test  of  sitpiincance  for  slope  ecuaj  to  0  (current  dioxin  continuous,  time  cate gorizedi. 

••Log?  (current  dioxin)-by- time-bv-ccvanaie  interaction  (0.01<p;i0.05);  adjusted  mean,  adjusted  slope,  standard  error, 
and  p-viJue  derived  from  a  model  fitted  after  deletion  of  this  intci  action. 

Note:  .Minipnl-Low:  >10-14.65  ppt;  Medium;  >14.65-45.75  ppt;  High:  >45,75  ppt, 

.Vfaxirnii-Low:  >5-9,01  ppt;  .Medium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-35.  (Ccniinued) 


Analysis  of  Schizoid  Score 
(MCMI) 


1)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Cunent 


Dioxin 

Difference  of 

Category 

n 

Mean^ 

Contrast 

Means  (95%  C.I.)® 

p-Value^ 

Ba:kground 

781 

23.7 

All  Categories 

<0.001 

Unknown 

340 

22.7 

Unknown  vs.  Background 

-1.1  - 

0.229 

Low 

194 

24.9 

Low  vs.  Background 

1.2  ~ 

0.306 

High 

184 

27.9 

High  vs.  Background 

4.2  - 

<0.001 

Total 

1.499 

(r2=0.011) 

j) 

Ranch 

Hands  and 

1  Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mean^ 

Contrast  (95*^  C.I.)®  p-Value^  Remarks 

Background 

775 

23.7 

All  Categories 

0.027 

AGE*ALC  (p=0.009) 

AGE*DRKYR 

Unknown 

335 

23.1 

Unknown  vs.  Background 

-0.6  -  0.522 

(p=0.017) 

Low 

190 

24.4 

Low  vs.  Background 

0.7  -  0.519 

ALC'EDUC 

High 

180 

27.0 

High  vs.  Background 

3.4  -  0.006 

(p=0.037) 

DRKYR*EDUC 

Total 

1,480 

(r2=0.036) 

(p  =0.027) 

^Trar.jformed  &om  natural  logarithm  scale. 

'Difference  of  means  after  a’ansformation  to  original  scale;  confidence  interval  on  difference  of  means  not  given 
because  analysis  was  performed  on  namral  logarithm  scale, 
fp-value  is  based  on  difference  of  means  cn  natural  logarithm  scale. 

Note:  Background  (Comparisons);  Current  Dioain  ^10  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  H.ands):  15  ppt  <  Current  Dioxin  <33.3  ppt. 

High  (Ranch  Hands):  Current  Dioxin  >33J  ppC 


score  and  current  dioxin  for  Ranch  Hands  with  18.6  years  or  less  since  tour  (p=0.231)  and  a 
significant  association  for  Ranch  Hands  with  more  than  18.6  years  since  tour  (p<0.001).  "Hie 
unadjusted  mean  scores  for  the  earlier  tour  stratum  were  nearly  the  same  for  low  and  medium 
current  dioxin  (22.9  and  24.0);  but  the  mean  score  for  high  current  dioxin  was  greater  (30.3). 

Consistent  with  the  unadjusted  analysis,  the  adjusted  analysis  based  on  the  minimal 
assumption  detected  a  current  dioxin-by-dme  since  tour  interacdon  of  borderline  significance 
(Tabic  9-35  [g]:  p=0.074).  For  the  18.6  years  or  less  time  stratum,  the  positive  association 
between  the  schizoid  score  and  current  dioxin  remained  nonsignificant  (p==0.662),  while  the 
positive  association  remained  significant  for  the  time  greater  than  18.6  years  stratum 

(p=0.001). 

The  adjusted  analysis  for  the  ma.ximal  cohort  detected  a  significant  current  dioxin-by- 
time-by-lifetime  alcohol  history  interaction  (Table  9-35  [h]:  p=0.040).  To  examine  this 
interaction,  stratified  analyses  arc  presented  for  each  lifetime  alcohol  history  and  time 
stratum. 


For  Ranch  Hands  with  no  drink-years,  the  current  dioxin-by-time  since  tour  interaction 
was  not  significant  (Appendix  Table  11-1;  p=0.136).  There  was  a  nonsignificant  negative 
association  between  current  dioxin  and  the  schizoid  score  for  the  time  less  than  or  equal  to 
18.6  years  stratum  (p=0.734)  and  a  significant  positive  association  for  the  time  over  18.6 
years  stratum  (p=0.041).  For  Ranch  Hands  in  the  time  over  18.6  years  straniro,  the  adjusted 
mean  schizoid  scores  were  higher  for  Ranch  Hands  with  low  and  high  current  dioxin  than  for 
those  with  medium  current  dioxin  Oow,  24.6;  medium,  20.1;  high,  31.4). 

For  Ranch  Hands  who  had  greater  than  0  but  less  than  40  drink-years,  the  current 
dioxin-by-time  since  tour  interaction  was  m.arginally  significant  (Appendix  Table  H-1: 
p=0.U64).  There  was  a  nonsignificant  positive  association  between  current  dioxin  and  the 
schizoid  score  for  Ranch  Hands  with  13.6  years  or  less  since  tour  (p=0.702)  and  a  significant 
positive  association  for  Ranch  Hands  with  time  over  18.6  years  since  tour  (p=0.003).  For  the 
time  greater  than  18.6  years  strarum,  the  adjusted  mean  schizoid  scores  for  Ranch  Hands 
with  low  and  medium  current  dioxin  were  nearly  the  same  (22.4  and  22.9,  respectively),  but 
the  adjusted  mean  score  for  those  with  high  current  dioxin  was  much  higher  (28.7). 

For  Ranch  Hands  with  greater  than  40  drink-years,  the  current  dioxin-by-time  since 
tour  interaction  was  nonsignificant  (Appendix  Table  H-1;  p=0.799)  and  the  positive 
associations  between  current  dioxin  .and  the  schizoid  score  were  nonsignificant  for  both  time 
strata  (;^18.6,  p=0.643;  >18.6,  p=0.317). 

After  deletion  of  the  current  dioxin-by-timc-by-Iifetimc  alcohol  histor/  interaction,  the 
maximal  adjusted  analysis  displayed  a  significant  current  dioxin-by-time  since  tour 
interaction  (Tabic  9-35  [h];  p=0.044).  The  positive  association  between  current  dioxin  and 
the  schizoid  score  was  nonsignificant  for  the  time  less  than  or  equal  to  18.6  years  stratum 
(p=().615).  However,  there  was  a  significant  positive  association  for  Ranch  Hands  with  time 
over  18.6  yc;irs  ('p<0.001).  ^or  Ranch  Hands  in  the  time  over  18.6  years  stratum,  the 
adju.s'ed  mean  schizoid  scores  for  low  and  medium  current  dioxin  were  about  the  same  (23.4 
and  23.7)  while  the  mean  score  was  much  higher  for  high  current  dioxin  (29.1). 
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Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  categorized  current  dioxin,  there  was  an  overall  significant 
difference  among  the  mean  schizoid  scores  of  the  four  current  dioxin  categories  (Table  9-35 
[i]:  p<0.(X)l).  The  unadjusted  mean  schizoid  scores  for  the  background,  unicnown,  low,  and 
high  categories  were  23.7,  22.7,  24.9,  and  27.9.  The  mean  schizoid  score  for  the  Ranch  Hands 
in  the  high  current  dioxin  category  was  significantly  higher  than  the  mean  score  for  the 
Comparisons  in  the  background  current  dioxin  category  (p<0.(X)l). 

Similarly,  in  the  adjusted  analysis  of  the  MCMI  schizoid  score,  the  simultaneous 
contrast  of  the  four  current  dioxin  categories  was  significant  (p=0.027).  Also,  the  mean 
schizoid  score  for  the  Ranch  Hands  in  the  high  current  dioxin  category  remained  significantly 
higher  than  that  of  the  Comparisons  in  the  background  category  (p=0.{X)6). 

Avoidant  Score — MCMI 

Model  1:  Ranch  Hands  -  Logg  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  .MCMI  avoidant  score  displayed  a  significant  positive 
association  with  initial  dioxin  for  both  the  minimal  and  maximal  cohons  (Table  9-36  [a]  and 
[b];  p<0.001  for  each  analysis).  The  unadjusted  means  for  the  minimal  cohort  for  the  low, 
miCdium,  and  high  initial  dioxin  categories  were  15.0,  17.3,  and  20.1.  For  the  maximal  cohon, 
the  corresponding  means  were  16.1,  16.1,  and  19.4,  respectively. 

The  adjusted  analysis  of  the  minimal  cohort  detected  a  significant  interaction  between 
initial  dioxin  and  education  level  (Table  9-36  [c]:  p=0.037).  To  examine  this  interaction, 
separate  analyses  were  performed  for  each  education  stratum  (Appendix  Table  H-1).  The 
stratified  analyses  displayed  a.  nonsignificant  positive  association  between  initial  dio.xin  and 
the  .MCMI  avoidant  score  for  Ranch  Hands  with  a  high  school  level  education  (p=0.249).  For 
Ranch  Hands  with  a  college  level  education,  there  was  a  significant  positive  association 
between  the  avoidant  score  and  initial  dioxin  (p<0.(X)l).  The  adjusted  mean  scores  for  this 
stratum  increased  steadily  for  increasing  levels  of  initial  dioxin  (low,  10.5;  medium,  13.4;  high, 


After  deletion  of  the  initial  dioxin-by-education  interaction,  the  adjusted  minimal 
analysis  detected  a  positive  association  berween  initial  dioxin  and  the  .MCMI  avoidant  score 
(Table  9-36  [c]:  p=0.C03).  Concurrendy.  the  ma.ximal  adjusted  analysis  also  displayed  a 
significant  positive  association  between  the  MCMI  avoidant  score  and  initial  dioxin  (Table  9- 
36  [dj:  p=0.038). 


Model  2:  Ranch  Hands  •  iMgg  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  avoidant  score  wtith  current  dioxin  and  time 
since  tour  under  the  minimal  assumption,  the  interaction  between  current  dioxin  and  tim.e  was 
significant  (Table  9-36  [ej;  p=0.028).  A  nonsignificant  positive  association  was  found  for 
those  Ranch  Hands  with  time  les:  than  or  equal  to  18.6  years  (p=0.624).  For  Ranch  Hands 
with  time  over  18.6  years,  there  was  a  significant  positive  association  berween  the  avoidant 
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TABLE  9-36. 

Analysis  of  Avoidant  Score 
(MCMI) 


As.'umption 

Ranch  Hands  -  Log2  (Initial  Dio.-rin) 

Initial 

Dioxin  n  Mcan^ 

-  Unadjusted 

Slope 

(Std.  Error)*^ 

p-Value 

a)  Minimal 

Low 

129 

15.0 

0.110  (0.029) 

<0.001 

(n=514) 

Medium 

256 

17.3 

(R2=0.027) 

High 

129 

20.1 

b)  Maximal 

Low 

182 

16.1 

0.082  (0.021) 

<0.001 

(n=732) 

Medium 

368 

16.1 

(R2=0.020) 

High 

182 

19.4 

Ranch  Hands  -  Log2  (Initial  Dioxin] 

1  -  Adjusted 

Initial 

Adj.  Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean*^.  (Std.  Error)^ 

p-Value  Remarks 

c)  Minimal 

Low  128 

14.9**  0.086  (0.029)** 

0.003**  INrT*EDUC  (p=-'0.037) 

(n=505) 

Medium  250 

16.1** 

DRKYR  (p=0.083) 

(R2=0.097) 

High  127 

18.5** 

d)  Maximal 

Low  179 

17.5  0.046  (0.022) 

0.038  DRKYR  (p=0.052) 

(n=719) 

Medium  362 

15.6 

EDUC  (p<0.001) 

(r2={).066) 

High  178 

17.8 

“Transfonned  from  narural  logarithm  (X  +  I)  scale. 

^Slope  and  standard  error  based  on  natural  logaridun  (avoidant  score  +  I)  vcrsui  logo  dioxin. 

•*Log2  (initial  dioxin)-by-cov3riate  interaction  (0.01<p<0.05):  adjusted  mean,  adjusted  slope,  standard  error,  and  p- 
value  derived  from  a  model  titled  after  deletion,  of  this  interaction. 

Note:  ,hlininAl-Low:  32  93  ppt;  Medium;  >93-292  ppt;  Hig.h:  >292  ppt. 

Miliinul-Low:  23-36.9  ppt;  Medium:  >36.9-213  ppt;  High;  >213  ppt. 
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TABLE  9-56.  (Continued) 


Analysis  of  Avoidant  Score 
(MCiVn) 


Assumption 

Ranch  Hands  - 

Time 

(Yrs.) 

Log2  (Current  Dioan)  and  Time  -  Unadjusted 

Mean^/Cn) 

_ Cumnr.  Dioxin  . 

Slope 

Low  t/iedium  High  (Std.  Enror)^ 

p-Value 

c) 

Minimal 

0.028': 

(n=514) 

<18.6 

16.0 

16.3 

17.0  0.023  (0.047) 

0.624'! 

(P.2=0.036) 

(72) 

(128) 

(53) 

>18.6 

15.0 

17.1 

23.7  0.158  (0.039) 

<0.001'! 

(56) 

(129) 

(76) 

0 

Ma.\imal 

0.076*: 

(n=732) 

<18.6 

15.1 

16.0 

17.6  0.033  (0.033) 

0.3 17<! 

(r2=0.024) 

(105) 

(190) 

(82) 

>18.6 

16.8 

16.8 

20.3  0.112  (0.029) 

<0.001'! 

(78) 

(175) 

(102) 

Ranch  Hands 

*  Log2  (Current  Dioxin)  and  Time  •  Adjusted 

Adj.  Mean2/(n) 

Current  Dioxin 

Time 

Adj.  Slope 

Covariatc 

As 

sumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)!’  p-Value 

Remarks 

g) 

.Minimal 

0.029c  dRKYR  (p=0.096) 

(n=505) 

<18.6 

15.9 

15.3 

15.9 

0.003  (0.046)  0.951'!  EDUC  (p<0.001) 

(R  2=0.098) 

(71) 

(126) 

(53) 

>18.6 

14.9 

15.8 

22.0 

0.133  (0.038)  <0.001'! 

(56) 

(125) 

(74) 

h) 

Maximal 

0.045':  DRKYR  (p=0.061) 

(n=;i9) 

<18.6 

16.3 

15.6 

16.5 

■0.006  (0.033)  O.S-18'!  EDUC  (p=0.001) 

OR  2=0.073) 

(104) 

(186) 

(81) 

>18.6 

17.5 

16.4 

18.4 

0.081  (0.029)  0.006'! 

(77) 

(172) 

(99) 

’Trarisfomied  from  ranir.i!  logirLHm  (7<  +  1)  scale. 

^Slope  and  sundnrd  error  based  on  naniril  logariihm  (avoidant  score  +  1)  verstis  logo  dioxin. 
'•Test  of  significance  for  homogeneity  of  slcces  (current  dioxin  continuous,  time  categorized). 
'^Test  of  significance  for  slope  equal  to  0  (current  dioxin  contmuous,  time  categorized). 

Note;  2diJlil!iai--Lo'v:  >10. Id, 65  ppt:  .Mediunu  >14.65-15.75  ppt;  High:  >45.75  ppt. 
.Maximal-- Low;  >5-2.01  ppt;  .Medi-jm:  >9.01-33.3  ppt;  Hi.gh:  >33.3  ppt. 
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TABLE  9-36.  (Continued) 


Analysis  of  Avoidant  Score 
(MCIVn) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Difference  of 

Category 

n 

Mean^ 

Contrast 

Means  (95%  C.I.jC 

p-Value^ 

Background 

781 

16.3 

All  Categories 

0.035 

Unknown 

340 

15.0 

Unknown  vs.  Background 

-1.3  - 

0.164 

Low 

194 

16.8 

Low  vs.  Background 

0.5  - 

0.667 

High 

184 

19.1 

High  vs.  Background 

2.8  - 

0.032 

Total 

1,499 

(Tl2^.006) 

j) 

Ranch 

Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Caiegory 

n 

>'lean^ 

Contrast  Means  (95%  C.I.)®  p-Value 

^  Remarks 

Background 

775 

16.2 

All  Categories 

0.351 

DRKYR  (p=0.(X)7) 
EDUC  (p<0.001) 

Unknown 

335 

15.5 

Unknown  vs.  Background 

-0.8  -  0.406 

Low 

190 

16.3 

Low  vs.  Background 

0.1  -  0.957 

High 

180 

18.0 

High  vs.  Background 

1.8  -  0.166 

Total 

1,480 

(R2^.029) 

^Transformed  from  namral  logari'-hm  1)  scaJe. 

^Difference  of  means  after  transformation  to  criginai  scale;  confidence  interval  on  difference  of  me;uis  not  given 
because  analysis  was  performed  on  natural  logariihn  (X  +  1)  scale. 

^P-valuc  is  based  on  difference  of  mc-ins  on  natural  logaritiim  (X  +  1)  scale. 

Note:  Background  (Comparisons):  Current  Dioxin  ^10  ppL 

Unknown  (Ranch  Hands);  Current  Dioxin  ilO  ppt- 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33.3  ppt. 

High  (Ranch  H.ands):  Current  Dioxin  >33-3  ppt. 


score  and  cirrrcnt  dioxin  (p<0.(X)l).  For  this  time  stratum,  the  unadjusted  mean  scores  for 
low,  medium,  and  high  current  dioxin  were  15.0, 17.1,  and  23.7. 

The  unadjusted  ma.ximal  analysis  detected  a  marginally  significant  current  dioxin-by- 
time  since  tour  interaction  (Table  9-36  [f]:  p=0.076).  The  positive  association  between 
current  dioxin  and  the  avoidant  score  was  nonsignificant  for  the  time  less  than  or  equal  to 
18.6  years  time  stratum  (p=0.317),  but  there  was  a  significant  positive  association  for  Ranch 
Hands  with  time  over  18.6  years  (p<0.001).  The  unadjusted  means  for  the  time  over  18.6 
years  stratum  for  low,  medium,  and  high  current  dioxin  were  16.8,  16.8,  and  20.3. 

The  adjustment  for  lifetime  alcohol  history  and  education  had  little  effect  on  the  analysis 
of  the  minimal  cohort  The  current  dioxin-by-time  since  tour  interaction  remained  significant 
(Table  9-36  [g]:  p=0.029).  The  time  less  than  or  equal  to  18.6  years  stratum  displayed  a 
nonsignificant  positive  association  between  the  avoidant  score  and  current  dioxin  (p=0.951), 
while  for  those  Ranch  Hands  witli  time  over  18.6  years,  there  was  a  significant  positive 
association  (p<0.001). 

In  the  maximal  cohort  analysis,  the  adjustment  for  lifetime  alcohol  history  and  education 
caused  the  current  dioxin -by- time  since  tour  interaction  to  become  significant  (Table  9-36 
[h];  p=0.045).  For  Ranch  Hands  in  the  time  less  than  or  equal  to  18.6  years  stratum,  there 
was  a  nonsignificant  negative  association  between  the  MCMI  avoidant  score  and  current 
dioxin  (p=0.848);  the  positive  association  for  the  time  over  18.6  years  stratum  remained 
significant  (p=0.006). 


Mode!  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
The  unadjusted  analysis  of  categorized  current  dioxin  detected  a  significant  overall 
difference  in  the  mean  avoidant  scores  of  the  four  current  dioxin  categories  (Table  9-36  [i]: 
p=0.035).  The  unadjusted  mean  scores  for  the  background,  unknown,  low,  and  high 
categories  were  16.3,  15.0,  16.8,  and  19.1.  There  were  no  significant  differences  found 
between  the  Comparisons  in  the  background  category  and  the  Ranch  Hands  in  either  the 
unknown  or  low  current  dioxin  category  (p=0. 164  and  p=0.667,  respectively).  The  mean 
avoidant  score  was  found  to  be  significantiy  higher  for  the  Ranch  Hands  in  the  high  current 
dioxin  category  than  for  the  thie  Comparisons  in  the  background  category  (p=0.032). 


After  adjusting  for  lifetime  alcohol  history  and  education,  the  analysis  of  the  four  current 
dioxin  categories  found  no  significant  differences  in  the  mean  avoidant  scores  of  the  four 
categories  (Table  9-36  [j]:  p>0.15  for  each  contrast). 

Dependent  Score — MC.MI 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  MCMI  dependent  score  displayed  a  significant  positive  association  with  initial 
dioxin  for  both  the  unadjusted  minimal  and  the  unadjusted  maximal  analyses  (Table  9-37  [a] 
and  [b]:  p-0.027  and  p=^.009).  The  unadjusted  mean  dependent  scores  for  the  minimal 
cohon  were  nearly  the  same  for  the  low  and  medium  initial  dioxin  categories  (40.8  and  40,7), 
but  the  mean  score  was  larger  for  the  high  initial  dioxin  category  (43.2)~  For  the  maximal 
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TABLE  9-37. 


Analysis  of  Dependent  Score 
(MCMI) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Mean^ 

Slope 

(Std.  Error)^  p- Value 

a)  >/Iiniinal 

Low 

129 

40.8 

0.123  (0.056)  0.027 

(n=514) 

Medium 

256 

40.7 

(R2=0.009) 

High 

129 

43.2 

b)  Maximal 

Low 

182 

38.8 

0.108  (0.041)  0.009 

(n=732) 

Medium 

368 

40.6 

(R2=0.009) 

High 

182 

43.1 

Ranch  Hands  •  Log2  (Initial  Dioxin)  -  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin 

n 

Mcan^  (Std.  ErTor)b 

p-Value  Remarks 

c)  Minimal 

Low 

128 

41.6 

0.137  (0.058) 

0.018  AGE*DRKYR  (p=0.005) 

(n=505) 

Medium  250 

41.5 

RACE*EDUC  (p=0.046) 

(r2=0.049) 

High 

127 

44.7 

d)  Maximal 

Low 

179 

42.2 

0.091  (0.044) 

0.037  EDUC  (p=0.007) 

(n=7l9) 

Medium  362 

41.9 

AGE*DRKYR  (p=0.005) 

(R2=0.043) 

High 

178 

44.7 

ALC*RACE(p=0.032) 

®Transfcnned  from  square  root  scale. 

^Slope  and  standard  error  based  cn  square  root  dependent  score  versus  Iog2  dioxin. 
Not®:  .Minimal-Low:  52-93  ppt;  .Vfedium:  >93-292  ppt;  High:  >292  ppt. 

MaiUILai-Low:  25-56.9  ppt;  .Medium:  >56.9-218  ppt;  High;  >213  ppL 
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TABLE  9-37.  (Continued) 


Analysis  of  Dependent  Score 
(MCMI) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Assumption 

e)  Minimal 
(n=514) 
(R2=0.010) 


f)  Maximal 
(n=732) 

(r2=o.010) 


Mftan3/(n) 

Current  Dioxi 


“nme 

(Yrs.) 

Low 

Medium 

High 

<18.6 

41.4 

40.5 

41.1 

(72) 

(128) 

(53) 

>18.6 

42.3 

40.4 

43.9 

(56) 

(129) 

(76) 

:Sl8.6 

39.3 

39.2 

43.9 

(105) 

(190) 

(82) 

>18.6 

38.8 

41.5 

43.0 

(78) 

(175) 

(102) 

Slope 

(Std  Error)^ 


0.060  (0.091) 
0.159  (0.074) 

0.077  (0.064) 
0.129  (0.057) 


3-Value 

0.401C 

0.506<1 

0.033^1 


0.541': 
0.23  l^l 

0.023^ 


Assumption 

g)  Minimal 
(n=505) 
(R2=0.051) 


h)  Maximal 
(n=719) 
(r2=0.045) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  MeanV(n) 


Adj.  Slops 

Covariate 

Low 

Medium 

High 

(Std.  Error)’’ 

p-Value 

Remarks 

0.477' 

ACE’DRKYR  (p=0.006) 

41.9 

41.6 

43.2 

0.097  (0.C93) 

0.300‘1 

RACE*EDUC  (p=0.039) 

(71) 

(126) 

(53) 

42.6 

41.0 

44.7 

0.179  (0.077) 

0,020'i 

(56) 

(125) 

(74) 

0.347' 

EDUC  (p=0.006) 

42.5 

40.9 

45.5 

0.051  (0.066) 

0.443'* 

AGE»DRKYR  (p={).005) 

(104) 

(186) 

(31) 

ALC-RACE  (p=:0.030) 

40.9 

42.9 

44.7 

0.131  (0.059) 

0.026'* 

(77) 

(172) 

t99) 

transformed  from  square  root  scale. 

'^Slope  and  standard  error  based  on  square  root  dependent  score  versus  logo  dioain. 

test  of  significance  for  homogeneity  of  slopes  fcurrent  dioxin  continuous,  time  categorized). 

'^Test  of  significance  for  slope  equal  to  0  (current  dioxin  continuous,  time  categorized). 

Note:  Miaim.3i--Low:  >10-i4.65  ppt;  .Medium:  >14.65-45.75  ppi;  High:  >45.75  ppt. 

Miiimil-Low:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High:  >33.3  ppt. 


TABLE  9-37.  (Continued) 

Analysis  of  Dependent  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean* 

Contrast 

Difference  of 
Means  (95%  C.I.)‘ 

■  p-Value^ 

Bxkground 

781 

42.1 

All  Categories 

0.033 

Unknown 

340 

39.3 

Unknown  vs.  Background 

-2.8  - 

0.032 

Low 

194 

39.2 

Low  vs.  Background 

-2.9  - 

0.066 

High 

184 

43.4 

High  vs.  Background 

1.3  - 

0.451 

Total 

1,499 

(R-=0.006) 

J)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Me.an* 

Contrast 

Me.ans  (95%  C.I.)'  p-VaJue^ 

Remarks 

Background 

775 

42.2 

All  Categories 

0.115 

EDUC  (p<0.COl) 
ALC*DRKYR  (p=0.0C4) 

Unknown 

335 

40.2 

Unknown  vs.  Background 

-2.0  -  0.133 

Low 

190 

38.8 

Low  vs.  Background 

-3.4  ~  0.037 

High 

180 

42.3 

High  vs.  Background 

0.1  -  0.944 

Total 

1  480 

(r2=0.022) 

^rajuformcd  from  square  root  scale. 

'Difference  of  means  after  cransformiuicn  to  original  scale;  confidence  interval  on  difference  of  means  not  given 
because  analysis  was  performed  on  iquare  root  scale, 

-value  is  based  on  difference  of  means  on  square  root  scale. 

Note:  Background  (Com.parisons);  Current  Dioain  ilO  ppt. 

Unknown  (Ranch  Hands);  Current  Dioxm  2,10  ppt. 

Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  <33.3  ppt. 

High  (Ranch  Hands);  Current  Dioxin  >33J  ppt. 
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cohort,  the  corresponding  ir.:'an  scores  for  the  low,  medium,  and  high  initial  dioxin  categories 
were  38.8,  40.6,  and  43.1. 

The  adjusted  analysis  also  displayed  a  significant  positive  association  between  the 
MCMI  dependent  score  and  initial  dioxin  for  both  the  minimal  and  maximal  cohons  (Table 
9-37  [c]  and  [d]:  p=0.018  and  p=0.037). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis,  under  both  the  minimal  and  maximal  assumptions,  the 
interaction  between  current  dioxin  and  time  since  tour  was  not  significant  (Table  9-37  [e]  and 
[f]:  p=0.401  and  p=0.541,  respectively);  thus,  the  slopes  for  the  two  time  strata  did  not  differ 
significantly.  Under  the  minimal  assumption,  a  significant  positive  association  was  found 
between  the  MCMI  dependent  score  and  current  dioxin  for  Ranch  Hands  with  time  over  18.6 
years  (Table  9-37  [e]:  p=0.033).  For  these  Ranch  Hands,  the  mean  dependent  scores  for 
low,  medium,  and  high  current  dioxin  were  42.3,  40.4,  and  43.9. 


Based  on  the  maximal  assumption,  the  unadjusted  analysis  detected  a  significant 
positive  association  between  the  MCMI  dependent  score  and  current  dioxin  for  Ranch  Hands 
with  time  over  18.6  years  (Table  9-37  [f];  p=0.023).  The  mean  dependent  scores  became 
larger  for  increasing  levels  of  current  dio.xin  for  Ranch  Hands  in  this  time  stratum  (low,  38.8; 
medium,  41.5;  high  43.0). 

In  the  adjusted  analysis  based  on  both  the  minimal  and  maximal  assumptions,  the 
interaction  between  current  dioxin  and  tim.e  was  nonsignificant  (Table  9-37  [g]  and  [h]: 
p=0.477  and  p=0.347,  respectively).  In  both  the  minimal  and  maximal  cohorts,  there  were 
significant  positive  associations  between  current  dioxin  and  the  dependent  score  for  the  time 
over  18.6  years  stratum  (p=0.020  and  p=O.026,  respectively). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis,  the  mean  MCMI  dependent  scores  were  significantiv 
different  for  the  four  current  dioxin  categories  (Table  9-37  [i];  p=0.033').  The  unadjusted 
mean  scores  for  the  background,  unknov/n,  lov/,  and  high  current  dio.xin  categories  were  42.1, 
39.3,  39.2,  and  43.4.  The  mean  dependent  score  for  the  Ranch  Hands  in  the  unknown  cuirent 
dioxin  category  was  significantly  lower  than  the  mean  score  for  the  Comparisons  in  the 
background  category  (p=0.L/32).  There  was  also  a  marginally  significant  difference  between 
the  mean  depe.ndent  scores  of  the  Comparisons  and  the  mean  score  of  the  Ranch  Hands  in 
the  low  current  dioxin  level  category  (p=0.066)  with  the  Ranch  Hands  having  a  lower  mean 
score  than  the  Comparisons.  The  mean  score  of  the  Ranch  Hands  in  the  high  category  did  not 
differ  significantly  from  that  of  the  Comparisons  in  the  background  category  (p=0.451). 

After  adjusting  for  education  and  a  current  alcohol  use-by-lifetime  alcohol  history 
interaction,  the  analysis  of  categorized  current  dioxin  did  not  find  any  significant  differences  in 
the  mean  dependent  scores  of  the  four  current  dioxin  categories  (Table  9-37  []]:  p^rO.llS)' 
However,  the  individual  analysis  of  the  low  versus  background  categories  found  the  mean 


dependent  score  of  the  Ranch  Hands  in  the  low  current  dioxin  category  to  be  significantly 
lower  than  that  of  the  Comparisons  in  the  background  category  (p=0.037). 

Histrionic  Score — MCMI 

Model  1:  Ranch  Hands  -  LoS2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  die  MCMI  histrionic  score,  there  was  a  significant 
negative  association  with  initial  dioxin  under  both  the  minimal  and  the  maximal  assumptions 
(Table  9-38  [a]  and  [b];  p=0.003  and  p=0.002).  In  the  minimal  cohort  the  unadjusted  mean 
histrionic  scores  for  the  low,  medium,  and  high  initial  dioxin  categories  were  63.9,  63.4,  and 
59.S.  In  the  maximal  cohon,  the  corresponding  mean  scores  were  64.1,  63.9,  and  60.9, 
respectively. 

After  adjusting  for  covariate  information,  a  significant  negative  association  remained 
between  initial  dioxin  and  the  MCMI  histrionic  score  in  both  the  minimal  and  maximal  cohorts 
(Tabic  9-38  [c]  and  [d]:  p=0.01 1  and  p=0.037). 


Model  2:  Ranch  Hands  -  Los2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  histrionic  score  with  current  dioxin  and  time 
since  tour,  there  was  a  marginally  significant  current  dioxin-by-time  interaction  under  both 
the  minimal  and  maximal  assumptions  (Table  9-38  [e]  and  [f]:  p=0.099  and  p=0.073).  For 
the  minimal  cohort,  the  negative  association  beoveen  current  dioxin  and  the  MCMI  histrionic 
score  was  not  significant  for  those  Ranch  Hands  with  18.6  years  or  less  since  their  tour 
(p=0.616),  but  the  negative  association  wa.«  significant  tor  the  time  o'-’er  18.6  years  stratum 
(p=0.001).  For  the  time  over  18.6  years  stratum,  the  unadjusted  mean  histrionic  score  for 
low,  medium,  and  high  current  dioxin  were  65.4.  62.7,  and  58.4. 

The  unadjusted  maximal  analysis  also  found  a  nonsignificant  assccintft  n  between 
current  dioxin  and  the  histrionic  score  for  the  time  less  than  or  equal  to  18.6  years  stratum 
(Table  9-38  [f]:  p=0.513),  and  a  significant  negative  association  for  the  .inie  over  18.6  years 
stratum  (p<0.001).  The  unadjusted  mean  scores  for  the  time  over  18,6  years  stratum  were 
nearly  the  same  for  low  and  medium  current  dioxin  (64,0  and  64.1),  while  the  mean  score  for 
high  current  dioxin  was  lower  (59. S). 

After  adjusting  for  age,  race,  lifetime  alcohol  history,  and  education,  the  analysis  of  the 
minimal  cohort  detected  a  nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table 
9-38  [g]:  p=0. 112).  For  the  time  over  18.6  years  stratum,  there  was  a  significant  negative 
a.ssociation  between  current  dioxin  and  the  histrionic  score  (p=0.006). 

The  adjusted  analysis  of  the  maximal  cohort  displayed  a  significant  current  dioxin-by- 
timie-by-race  interaction  (Table  9-38  [hj:  p=0.009).  To  investigate  this  interaction,  seoarate 
anrdyses  are  presented  for  each  race  and  time  smaram.  The  analysis  of  the  Bla.''k  stratum 
exhioited  a  significant  current  dioxin-by-time  since  tour  interaction  (.Appendix  Table  H-1; 
p=0.()03).  Within  the  time  less  than  or  equal  to  18.6  years  stratum,  there  was  a  significant 
positive  a.ssociation  between  current  dioxin  and  the  hi.-ttrionic  score  (p={).C01).  The  adjust.ed 
mean  scores  for  this  stratum  for  low.  m.cdiiim,  and  high  current  dioxin  were  57,6,  72.4,  and 


9-157 


TABLE  9-38. 


Analysis  of  Histrionic  Score 
(MCMI) 


Ranch  Hands 

-  Log2  (Initial  Dioxin) 

-  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean® 

(Std.  Error)*’  p- Value 

a)  Minimal 

Low 

129 

63.9 

-192.7  (63.7)  0.003 

(n=514) 

Medium 

256 

63.4 

(R2=0.018) 

High 

129 

59.8 

b)  Maximal 

Low 

182 

64.1 

-150.8  (47.9)  0.002 

(n=732) 

Medium 

368 

63.9 

(r2=0.013) 

High 

182 

60.9 

Ranch  Hands  -  Log2  (Initial  Dioxin] 

1  -  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean^ 

(Std,  Error)*’ 

p-Value  Remarlcs 

c)  Minimal 

Low  128 

6S.1 

-166.6  (65.4) 

0.011  AGE  (p=0.043) 

(n=505) 

Medium  250 

68.4 

RACE  (p<0.001) 

(R2=0.089) 

Hig!.  127 

65.1 

DRKYR  (p=O.040) 

EDUC  (p<0.001) 

d)  Maximal 

Low  179 

67.6 

-105.1  (50.2) 

0.037  AGE  (p=0.047) 

(n=719) 

Medium  362 

68.4 

RACE  (p<0.001) 

(R2=0.074) 

liigh  178 

66.2 

DRKYR  (p=0.028) 

EDUC  (p<0.001) 

^Transfomied  frcm  square  scale. 

^Slope  and  standard  error  b-ised  on  square  histrionic  score  versus  log2  dioxin. 
Note:  52-93  rot:  Medium;  >93-292  ppt;  High:  >292  ppt, 

MaiiGUi-Low:  25-55.9  ppt;  Medium:  >56.9-213  ppq  High:  >213  ppt 


TABLE  9-33.  (Continued) 


Analysis  of  Histrionic  Score 
(MCMI) 


Assnmntion 

Ranch  Hands 

Tune 

(Yrs.) 

-  Log2  (Current  Dioxin)  and  Time 

Mean^/(n) 

XuESDiJimja _ 

Low  Medium  Hirih 

•  Unadjusted 

Slope 

(Std.  Emor)t> 

p- Value 

e) 

Minimal 

0.099C 

(n=5i4) 

S18.6 

63.8 

63.5 

61.6 

-52.0  (103.7) 

0.616<1 

(r2s=0.022) 

(72) 

(128) 

(53) 

>18,6 

65.4 

62.7 

58.4 

-274.0  (85.0) 

0.001'^ 

(56) 

(129) 

(76) 

n 

Maximal 

0.073C 

(n=752) 

<18.6 

63.5 

64.1 

62.3 

-48.6  (74.3) 

0.513<1 

(R^O.017) 

(105) 

(190) 

(32) 

>18.6 

64.0 

64.1 

59.8 

-226.9  (65.7) 

<0.00 1*1 

(78) 

(175) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  ■  Adjusted 

Adj. 

Milan  ^/(n) 

_ Curr?m..gio,3in. 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.)  Low  Medium  High 

(Std.  Error)*’ 

p-Value 

Remarks 

g) 

Minimal 

0.1 12= 

AGE  (p=0.064) 

(n=505) 

<18.6  68.3 

68.7  66.8 

-32.0  (105.0) 

0.76C^ 

RACE  (p<0.00!) 

ai-=0.094) 

(71) 

(126)  (53) 

DRKYR  (p=0.043) 

>18.6  69.5 

67.5  63.9 

-240.6  (S6.4) 

0.006=^ 

EDUC  (jxO.OOl) 

(56) 

(125)  (74) 

h) 

Maximal 

CURR*TIME*RACE  (p=0.009) 

(n=719) 

<18.6  ’*— 

«»«« 

DRKYR  (p=0.055) 

(R  2=0.099) 

(1(W) 

(186)  (81) 

EDUC  (jxO.OOl) 

>18.6  •*•• 

«««w 

AGE‘RACE  (p=0.036) 

(77) 

(172)  (99) 

^nuisformed  from  square  scaie. 

^Slope  and  standard  error  based  on  square  histrionic  score  versus  loge  diorin. 

‘"Test  of  significance  for  homogeneity  of  siopes  (current  dicxin  continuous,  time  categorized). 

“^Test  of  significance  for  slope  equal  to  0  (current  dioxin  continuous,  time  categorized). 

***'Log2  (current  dioxin)-by-time-by-covanaie  interaction  (f><0.01);  adjusted  mean,  adjusted  slope,  standard  encr,  and 
p-vilue  not  presented. 

Note:  Mirii/IU>i--Low;  >10-14.65  ppt;  .Medium:  >14.65M5.75  ppt:  High;  >45.75  ppL 

Maximal-Low:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt:  HigJi:  >33.3  ppt. 
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TABLE  9-38.  (Continued) 


Analysis  of  Histrionic  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Cunent 

Dioxin 

Category 

n 

Mean^ 

Contrast 

Difference  of 
Means  (95%  C.I.)® 

p-Value^ 

Background 

781 

64.4 

All  Categories 

0.014 

Unknown 

340 

64.6 

Unknown  vs.  Background 

0.2  - 

0.806 

Low 

194 

63.2 

Low  vs.  Background 

-1.2  - 

0.287 

High 

184 

60.9 

High  vs.  Background 

-3.5  - 

0.003 

Total 

1,499 

(r2=0.007) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  •  Adjusted 


Current 


Dioxin 

Category 

n 

Adj. 

Mean* 

Contrast 

Difference  of  Adj, 
Means  (95%  C.I.)* 

p-Value^ 

Covariate 

Remarks 

Background 

775 

66.8 

All  Categories 

0.132 

RACE  (p<0.001) 

AGE*DRKYR  (p=0.021) 

Unknown 

335 

66.7 

Unknown  vs.  Background  -0.1  - 

0.896 

ALC*EDUC  (p=0.036) 

Low 

190 

66.0 

Low  vs.  Background 

-0.7  - 

0.492 

DRKYR-EDUC  (p=0.006) 

High 

180 

64,2 

High  vs.  Background 

-2.6  - 

0.020 

Total 

1,480 

(R^O.053) 

“Transformed  from  square  scale, 

“Difference  of  means  after  a-ansforTrauon  to  original  scale;  confidence  interval  on  difference  of  means  not  given 
because  analysis  was  performed  on  square  scale. 

^P-value  is  based  on  difference  of  mea.ns  on  square  scale. 

Note:  Background  (Compcrisorj):  Current  Dioxin  ilO  ppt. 

Unknown  (Ranch  Hands):  Current  Dioxin  i!0  ppL 
Low  (Ranch  H.inds):  15  ppt  <  Current  Dioxin  <33.3  ppt. 

High  (Ranch  Hands);  Current  Dioxin  >33J  ppL 


83.2.  For  the  time  over  18.6  years  stratum,  there  was  a  nonsignificant  negative  association 
(p=0.656). 


1 


The  analysis  of  the  non-Black  stratum  detected  a  marginally  significant  current  dioxin- 
by-time  since  tour  interaction  (Appendix  Table  H-1:  p=0.057).  For  the  time  less  than  or 
equal  to  18.6  years  stratum,  there  v/as  a  nonsignificant  negative  association  between  current 
dioxin  and  the  MCMI  histrionic  score  (p=0.871),  but  there  was  a  significant  negative 
association  for  those  Ranch  Hands  with  time  since  tour  greater  than  18.6  years  (p=0.003). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  MCMI  histrionic  score,  the  overall  contrast  of  the  four 
current  dioxin  categories  was  significant  (Table  9-38  [i]:  p=0.014).  The  unadjusted  mean 
histrionic  scores  for  the  background,  unknown,  low,  and  high  current  dioxin  categories  were 
6^.4,  64.6,  63.2,  and  60.9,  The  contrasts  of  the  mean  histrionic  scores  of  the  unlmown  versus 
background  and  low  versus  background  current  dioxin  categories  were  not  statistically 
significant  (p=0.806  and  p=0.2S7).  However,  the  mean  score  of  the  Ranch  Hands  in  the  high 
current  dioxin  category  was  significantly  lower  than  tiie  m.ean  score  of  the  Comparisons  in  the 
background  category  (p=0.003). 

After  adjusting  for  race,  an  age-by-liferime  alcohol  history  interaction,  a  current  alcohol 
use-by-education  interaction,  and  a  lifetime  alcohol  history-by-education  interaction,  the 
analysis  did  not  detect  a  significant  overall  difference  among  the  mean  histrionic  scores  of  the 
four  current  dioxin  categories  (Table  9-38  [j];  p=<).  132).  However,  the  mean  histrionic  score 
for  the  Ranch  Hands  in  ilic  high  current  dioxin  category  was  significantly  lower  than  that  of 
the  Comparisons  in  the  background  category  (p=0.020). 

Narcissistic  Score — .VIC.MI 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  both  the  minimal  and  the  maxim.al  cohons  detected  a 
significant  negative  association  between  initial  dioxin  and  the  MCMI  narcissistic  score 
(Tabic  9-39  [a]  and  [b]:  p=0.C07  and  p=0.(X)3,  rc.spectively).  The  unadjusted  mean 
narcis.sistic  scores  for  the  minimal  cohon  for  the  low,  medium,  and  high  initial  dioxin 
categories  were  63.5,  65.3,  and  60.8.  The  corresponding  unadjusted  mean  scores  for  the 
maxima!  cohon  were  65.1,  65.0,  and  62,0,  respectively. 

After  the  adjustment  for  race,  current  alcohol  use,  and  education,  the  minimal  analysis 
detected  a  marginally  significant  negative  association  between  initial  dioxin  and  the  .MCMI 
n.arcissisric  score  (Table  9-39  fc]:  p=ri)  053).  The  adjustment  for  covariate  information  did 
not  .affect  the  significance  of  the  negative  association  i.n  the  maximal  anaivsri  (Table  9-39 
fd];  p^-0.012). 


Model  2:  Ranch  Hands  ■  Ujg,  (Current  Dioxin  i  and  Time 


In  the  unadjusted  analysis,  under  both  the  rr 
interactions  rsetween  current  dioxin  and  limie  sine. 


inim.al  and  m.aximal  assumptions,  the 
e  tour  were  not  significant  (Table  9-39 


[ej 
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TABLE  9-39. 


Analysis  of  Narcissistic  Score 
(MCMI) 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  (Initial  Dioxin) 

n  Mean 

Unadjusted 

Slope 

(Std.  Error)^  p-Value 

a)  Minimal 

Low 

129 

63.5 

-1.454  (0.534)  0.007 

(n=514) 

Medium 

256 

65.3 

(r2=0.014) 

High 

129 

60.8 

b)  Maximal 

Low 

182 

65.1 

-1.206  (0.403)  0.003 

(n=732) 

Medium 

368 

65.0 

(r2-0.012) 

High 

182 

62.0 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption  • 

Dioxin  n 

Mean 

(Std.  Error)^  T 

3-VaIue  Remarks 

c)  Minimal 

Low  128 

66.5 

-1.051  (0.542) 

0.053  RACE  (p=0.008) 

(n=508) 

Medium  252 

69.1 

ALC  (p=0.080) 

(r2=0.040) 

High  128 

65.2 

EDUC  (p=0.028) 

d)  iMaximal 

Low  179 

68.5  • 

■1.082  (0.430) 

0.012  DRKYR  (p=0.140) 

(n=719) 

Medium  362 

68.9 

AGE*EDUC  (p=0.045) 

(R2=0.048) 

High  178 

66.2 

ALC*RACE  (p=0.037) 

®SIope  and  standard  error  based  or.  narcissistic  score  versus  log2  dioxin. 

Note:  Minirrial-Low:  J2-93  ppt:  Medium;  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-53.9  ppt;  Medium:  >36.9-218  ppt;  High;  >213  ppt. 
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TABLE  9-39.  (Continued) 
Analysis  of  Narcissistic  Score 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Mean/(n) 

_ Ciirc?nLDiosjn _ 

Time  Slope 


Assumption 

(Yrs.) 

Low 

Medium 

Hicth 

(Std.  ErTor)a 

p-Value 

e)  Minimal 

0.217*’ 

(n=514) 

<18.6 

65.2 

65.9 

63.1 

-0.352  (0.868) 

0.686= 

(r2=0.021) 

(72) 

(128) 

(53) 

>18.6 

62.1 

64.1 

59.5 

-1.741  (0.712) 

0.015= 

(56) 

(129) 

(76) 

f)  Maximal 

0.153*’ 

(n=732) 

<18.6 

65.0 

66.3 

63.7 

-0.376  (0.625) 

0.548= 

CR2^0.017) 

(105) 

(190) 

(82) 

>18.6 

64.7 

63.8 

60.8 

•  1.569  (0.553) 

0.005= 

(78) 

(175) 

(102) 

Ranch  Hands  •  L032  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Mean/(n) 

_ CunsnL  Dioxin 

Time  Adj.  Slope  Covariate 


Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)^ 

p-Val'je 

Remarks 

g)  Minimal 

0.223*' 

RACE  (p=0.005) 

(n=508) 

<13.6 

63.4 

69.8 

67.5 

0.056  (0.869) 

0.948= 

ALC  (p=0.078) 

(R2=o.049) 

(71) 

(127) 

(53) 

EDUC  (p=0.022) 

>18.6 

65.3 

67.3 

63.8 

-1.307  (0.718) 

0.069= 

(56) 

(126) 

(75) 

h)  Maximal 

0.080*’ 

AGE’EDUC  (p=0.042) 

(n=719) 

<18.6 

68.2 

70.0 

68.0 

-0.055  (0.649) 

0.933= 

DRKYR*RACE  (p=0,022) 

(r2=o.055) 

(104) 

(186) 

(31) 

>18.6 

68.5 

67.5 

64,8 

-1.517  (0.575) 

0.009= 

(77) 

(172) 

(99) 

*Slo  pn  and  standard  error  based  on  narcissistic  score  versus  log-i  dioxin. 

^est  of  significance  for  homogeneity  of  slopes  fcuirent  dioxin  continuous,  time  eatcgcrired). 
^Test  of  significance  for  slope  equal  to  0  tcurrenl  dioxin  continuous,  time  categorized). 

idilUJILri-l-Jaw:  >’0-14.65  pot:  Medium;  >14.65-45.75  ppt;  High:  >45.75  ppt. 
.Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-39.  (Continued) 


Analysis  of  Narcissistic  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Current 

Dioxin 

Difference  of 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.) 

p-Value 

Backgrourd 

781 

64.0 

All  Categories 

0.025 

Unknown 

340 

66.0 

Unknown  vs.  Background 

2.0  (0.0,3.9) 

0.048 

Low 

194 

65.5 

Low  vs,  B  ackground 

1.5  (-0.9.3.9) 

0225 

High 

184 

62.1 

High  vs.  Background 

-1.9  (-4.4,0.5) 

0.122 

Total 

1,499 

(r2=0.0C6) 

j) 

Ranch 

Hands  and  Comparisons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Category 

n 

Adj. 

Mean 

Contrast 

Difference  of  Adj. 
Means  (95%  C.I.) 

p- Value 

Covariate 

Remarks 

Background 

775 

66.7 

All  Categories 

0.084 

RACE  (p<0.001) 

DRKYU  (p=0.078) 

Unknown 

335 

68.5 

Unknown  vs.  Background  1.8  (-0.22.7) 

0.075 

EDUC  (p=:0.002) 

Low 

190 

68.5 

Low  vs.  Background 

1.8  (-0.6.4.2) 

0.145 

High 

180 

65,6 

High  vs.  Background 

-1.2  (-3.6,1.3) 

0.361 

Total 

1,480 

(r2=0.021) 

Note:  Background  (Compariioiis);  Current  Dioxin  ^10  ppL 

Uaknown  (Ranch  Hands);  Current  Dioxin  slO  ppt. 

Low  (Ranch  Hands);  15  ppt  <  Current  Dioxin  <33J  ppt. 
High  (Ranch  Hands);  Current  Dioxin  >33-3  ppt 


and  [f]:  p=0.217  and  p=0.153,  respectively).  Under  the  minimal  assumption,  a  significant 
negative  association  between  current  dioxin  and  the  narcissistic  score  was  found  for  Ranch 
Hands  with  time  over  18.6  years  (Table  9-39  [e]:  p=0.015).  For  these  Ranch  Hands,  the 
mean  narcissistic  scores  for  low,  medium,  and  high  current  dioxin  were  62.1,  64.1,  and  59.5. 

Under  the  maximal  assumption,  the  unadjusted  analysis  detected  a  significant  negative 
association  between  current  dio.xin  and  the  narcissistic  score  for  Ranch  Flands  with  over  18.6 
years  since  tour  (Table  9-39  [f]:  p=0.005).  The  unadjusted  mean  scores  for  these  Ranch 
Hands  decreased  as  current  dioxin  increased  (low,  64.7;  medium,  63.8;  high,  60.8). 

After  adjusting  for  race,  current  alcohol  use,  and  education,  the  minimal  analysis 
di.splayed  a  nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table  9-39  [g]; 
p=0.223).  For  Ranch  Hands  with  time  over  18.6  yean,  there  was  a  marginally  significant 
negative  association  between  current  dioxin  and  the  MCMI  narcissistic  score  (p=0.069). 

After  adjusting  for  an  age-by-education  interaction  and  a  lifetime  alcohol  history-by¬ 
race  interaction,  the  current  dioxin-by-time  since  tour  interaction  was  marginally  significant 
for  the  maximal  cohort  (Table  9-39  [h]:  p=0.080).  For  those  Ranch  Hands  with  time  less 
than  or  equal  to  18.6  years,  there  was  a  nonsignificant  positive  association  between  current 
dioxin  and  the  narcissistic  score  (p=0.933).  However,  there  was  a  significant  negative 
association  for  Ranch  Hands  with  over  18.6  years  since  their  tour  (p=0.009). 


Model  3:  Ranch  Hands  end  Comparisons  by  Current  Dioxin  Category 
The  analysis  of  categorized  current  dioxin  detected  a  significant  difference  in  the  mean 
narcissistic  scores  of  the  four  current  dioxin  categories  (Table  9-39  [i]:  p=0.025).  The 
unadjusted  mean  scores  for  the  background,  unknown,  low,  and  high  current  dioxin  categories 
were  64.0,  66.0,  65.5,  and  62.1.  Tne  mean  narcissistic  score  for  Ranch  Hands  in  the  unknown 
category  was  significantly  higher  than  the  mean  score  for  Comparisons  in  the  background 
category  (p=0.048).  Neither  the  low  versus  background  nor  the  high  versus  background 
contrast  was  significant  (p=0.225  and  p=0. 122). 

^  After  adjusting  for  race,  lifetime  alcohol  history,  and  education,  there  was  a  marginally 
signiflca.nt  difference  in  the  mean  narcissistic  scores  of  the  four  current  dioxin  catescries 
(Table  9-39  [j]:  p=0.034).  Tne  adjusted  mean  narcissistic  scores  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories  were  66.7,  68.5,  68.5,  and  65.6.  A 
marginally  significant  difference  was  detected  berveen  the  mean  score  of  Comparisons  in  the 
background  category  and  Ranch  Hands  in  the  unlcnown  category  (p=0.075)  with  the  Ranch 
Hands  having  a  higher  m.ean  narcisstic  score.  No  other  significant  differen'.ie.s  in  mean 
narcissistic  scores  were  found  (low  versus  background!  p=0. 145;  high  versus  back^ound* 
p=0.361).  • 
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Antisocial  Score— MCMI 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  the  MCivII  antisocial  score,  there  was  a  nonsignificant 
association  with  initial  dioxin  under  the  minimal  and  maximal  assumptions  (Table  9-40  [a] 
and  [b]:  p=0.417  and  p=0.643). 

In  the  adjusted  analysis,  there  were  significant  interactions  between  initial  dioxin  and 
current  alcohol  use  under  both  the  minimal  and  the  maximal  assumptions  (Table  9-40  [c]  and 
[d]:  p=0.022  and  p=0.C'05).  To  examine  these  interactions,  associations  between  the 
antisocial  score  and  initial  dioxin  are  presented  separately  for  each  current  alcohol  use 
stratum. 

In  the  minimal  analysis,  there  was  a  nonsignificant  negative  association  between  initial 
dioxin  and  the  antisocial  score  for  Ranch  Hands  who  had  less  than  one  drink  per  day  and  a 
nonsignificant  positive  association  for  those  who  drank  between  one  and  four  drinks  per  day 
(Appendix  Table  H-1:  p=0.685  and  p=0.513).  For  those  who  drank  more  than  four  drinks  per 
day,  there  was  a  significant  negative  association  (p=0.023).  Within  this  stramm,  the 
adjusted  mean  antisocial  scores  for  the  low,  medium,  and  high  initial  dioxin  categories  were 
54.2,  38.6,  and  25.2.  After  deletion  of  the  initial  dioxin-by-current  alcohol  use  from  the  model, 
there  was  a  nonsignificant  negative  association  befween  initial  dioxin  and  the  antisocial  score 
for  the  minimal  cohon  (Table  9-40  [c];  p=0.238). 

Under  the  maximal  assumption,  there  was  a  nonsignificant  negative  association 
between  initial  dioxin  and  the  antisocial  score  for  Ranch  Hands  who  drank  less  than  one  drink 
per  day  and  for  Ranch  Hands  who  drank  between  one  and  four  drinks  per  day  (Appendix 
Table  H-1:  p=0.993  and  p=0.642,  respectively).  For  Ranch  Hands  who  drank  more  than  four 
drinks  per  day,  there  was  a  significant  negative  association  between  initial  dioxin  and  the 
MCMI  antisocial  score  (p<0.001).  The  adjusted  mean  scores  for  this  stratum  decreased 
steadily  for  increasing  levels  of  initial  dioxin  (low,  82.6;  medium,  65.5;  high,  37.5). 


Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

In  both  the  unadjusted  and  adjusted  minimal  and  maximal  analyses,  the  current  dioxin- 
by-time  since  tour  interactions  and  the  associations  between  current  dioxin  tund  the  .MCMI 
antisocial  score  within  each  time  stratum  were  nonsignificant  (Table  9-40  [e-hj;  n>0.25  for 
each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
^  The  unadjusted  analysis  of  the  four  current  dioxin  categories  detected  a  marginally 
significant  difference  among  the  mean  antisocial  scores  of  the  four  categories  (Table  9-40  [i]: 
p=-'0.074).  The  unadjusted  m^ean  scores  for  the  background,  un.known,  low,  and  high  current 
dioxin  categories  were  59.6,  61.6,  63.3,  and  61.2.  Tne  mean  anti.sociai  score  of  the  Ranch 
Hands  in  the  low  current  dioxin  category  was  significantly  higher  than  the  mean  score  of  the 
Comparisons  in  the  background  category  (p=0.016). 
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TABLE  9-40. 


Analysis  of  Antisocial  Score 
(MCVn) 


Ranch  Hands 

1  -  Log2  (Initial  Dioxin)  • 

•  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  Error)^  p-Value 

a)  Minimal 

Low 

129 

60.3 

-0.557  (0.685)  0.417 

(n=514) 

Medium 

256 

62.7 

(R^-xxO.OOl) 

High 

129 

61.0 

b)  Maximal 

Low 

182 

60.6 

-0.236  (0.508)  0.643 

(n=732) 

Medium 

368 

62.2 

(^2<o.001) 

High 

182 

61.1 

Ranch  Hands  -  Logo  (Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  SIop« 

Covariatc 

Assumption 

Dioxin  n 

Mean 

(Std.  Error)^ 

p-Value  Remailcs 

c)  Minimal 

Low  129 

60.3*  • 

-0.860  (0.727)*” 

0.238”*  INIT”ALC  (p=0.022) 

(n=509) 

Medium  252 

62.1»» 

AGE»ALC  (p=O.OOS) 

(R2=0.039) 

High  128 

60.1** 

ALCRACE  (p=0.007) 

ALC”DRKYR  (p=0.035) 

d)  Maximal 

Low  180 

•  ••• 

....  iniT”ALC  (p=0.005) 

(n=724) 

Medium  365 

AGE  (p=0.048) 

Cr2=0.021) 

High  179 

«»«* 

DRKYR  (p=0.022) 

*SIope  and  standard  error  based  on  anusociai  score  versus  log2  dioain. 

’•Log2  (initial  dioxin)-by-covariatc  mteraction  (0.0’<p<0.05):  adjusted  mean,  adjusted  slope,  standard  error,  and  p- 
valuc  derived  from  a  mode!  fitted  ■•i'ler  deletion  of  this  interaction. 

***"f'Og2  (initial  dioxinj-by-covariate  interaction  (p<0.01);  adjusted  me.an,  adjusted  slope,  standard  error,  and  p-value 
not  presented. 

Note:  Minimal-- Low:  52-93  ppt;  .Medium:  >93-292  ppt;  High:  >292  ppt. 

■Vlaxirr.'il-Low:  25-56.9  ppt;  .Med'um:  >56.9-213  ppt;  High;  >213  ppt. 
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TABLE  9-40.  (Continued) 


Analysis  of  Antisocial  Score 
(MCVn) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Mcan/(n) 

_ CMKnL-PiQiifl _ 


Assumption 

Time 

(Yrs.) 

Low 

Medium 

High 

Slope 

(Std.  Error)a 

p-Vahte 

e)  Minimal 

0323*^ 

(n=514) 

<13.6 

6U 

63.4 

64.0 

0.526  (1.116) 

0.638= 

(R^0.0C6) 

(72) 

(128) 

(53) 

>18.6 

53.6 

61.6 

60.0 

-0.901  (0.915) 

0.325= 

(56) 

(129) 

(76) 

f)  Maximal 

0.378^ 

(n=732) 

<18.6 

60.7 

63.6 

62.3 

0.450  (0.789) 

0.568= 

(r2=0.004) 

(105) 

(190) 

(82) 

>18.6 

59.7 

61,0 

60.3 

-0.478  (0,698) 

0.493= 

(78) 

(175) 

(102) 

Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time  -  Adjusted 


Adj.  Meiixi/(n) 

_ Cuirinr.  Pig-up _ 

Time  Adj.  Slope  Covariate 


Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Erroria 

p-Value 

Remarlrs 

8) 

Minimal 

0.407*’ 

DRKYR  (p=0.056) 

(n=5C9) 

<18.6 

61.7 

63,5 

63.9 

0.428  (1.145) 

0.709= 

AGE*AI.C  (pe=0.043) 

(R2=0.025) 

(72) 

(127) 

(53) 

>18.6 

57.9 

61.7 

60.4 

-0.771  (0.951) 

0.418= 

(56) 

(126) 

(75) 

h) 

Maximal 

0.380’= 

AGE  (p=0.0S0) 

(n=724) 

<18.6 

60.8 

63,6 

61.8 

0.162  (O.SO'T) 

0  341= 

DRKYR  (p=0.023) 

(r2=o.013) 

(lot) 

(189) 

(81) 

>18.6 

60.1 

51.5 

59.5 

-0.765  (0.718) 

0.286= 

(77) 

(173) 

(ICO) 

*S!ope  and  standard  errcr  based  tm  antisocial  score  vcrs'.u  loj;2  dicxin. 

^est  of  significance  for  homogcneiry  of  siopes  (cunent  dioxin  continuous,  lime  categorized), 
‘■’Test  of  significance  for  slope  eauaJ  to  0  (current  dioxin  continuous,  time  categorized). 

Note:  MiniTnai-Low:  >10-l-t.65  ppt;  .Medium:  >14.65-15.75  ppi;  High:  >45.75  ppt. 

.Maximal-- Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-40.  (Coniinued) 

Analysis  of  Antisocial  Score 

(MOvn) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Cate  story 

n 

Mean 

Contrast 

Difference  of 
Meens  (95%  C.I.) 

p-Valu' 

Background 

781 

59.6 

All  Categories 

0.074 

Unknown 

340 

61.6 

Unknown  vs.  Background 

2.0  (-0.5,4.4) 

0.117 

Low 

194 

63.3 

Low  vs.  Background 

3.7  (0.7, 6.8) 

0.016 

High 

184 

61.2 

High  vs.  Backgrou.nd 

1.6  (-1.5,4.8) 

0.300 

Total 

1,499 

(r2=0.005) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Adj. 

Difference  or  Adj. 

Covariate 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.) 

p-Value 

Remarks 

Background 

7S0 

59.6*» 

All  Categories 

0.061** 

DXCAT*ALC  (p-=0.014) 
DRKYR  (p=0.005) 

Unknown 

337 

61.6** 

Unknown  vs.  Background  2.0  (-0.4,4..)** 

0,107** 

AGE'ALC  (p=0.015) 

Low 

192 

63.5'* 

Ix)w  vs.  Background 

3.9  (0.9.7.0)** 

0.012** 

High 

181 

60.9«* 

High  vs.  Background 

1.3  (-1.8.4.5)** 

0.405*' 

Total 

1,490 

(R  2^0.020) 

•*Categori7i<i  current  dior.in-b) -covariate  mter.icuon  (0.01<p<0.05);  adjusted  mean,  confidence  interva],  and  p-valuc 
derived  from  a  model  fitted  ,ifw  deiittion  of  this  inunraction. 

Note:  Background  (Comparisons):  Current  Dioain  ^10  ppL 

Unknown  (Ranch  Hands);  Cunent  Dioxin  ilO  ppt. 

Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  s333  ppt. 

High  (Ranch  Hands);  Current  Dioxin  >333  ppt. 
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The  adjusted  analysis  detected  a  significant  interaction  between  categorized  current 
dioxin  and  current  alcohol  use  (Table  9-40  [j]:  p=0.014).  After  stratifying  by  current  alcohol 
use,  there  was  a  marginally  significant  difference  found  among  the  mean  antisocial  scores  of 
the  four  current  dioxin  categories  for  participants  who  drank  one  or  fewer  drinks  per  day 
(Appendix  Table  H-1:  p=0.076).  The  mean  adjusted  antisocial  scores  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories  were  59.5,  61.6,  63.4,  and  62.1.  Specifically, 
the  mean  antisocial  score  of  the  low  category  was  significantly  higher  than  the  mean  score  of 
the  backgiound  category  (p=0.024). 

For  participants  who  drank  m.ore  than  one  but  less  than  or  equal  to  four  drinks  per  day, 
there  were  no  significant  differences  found  among  the  adjusted  mean  antisocial  scores  of  the 
four  current  dioxin  categories  (.Appendix  Table  H-1;  p=0.820).  The  adjusted  mean  scores  foi 
the  background,  unknown,  low,  and  high  categories  were  60.5,  60.3,  63.9,  and  60.5. 

The  adjusted  mean  antisocial  scores  of  the  four  current  dioxin  categories  were  found  to 
differ  significantly  for  the  participants  who  drank  more  than  four  drinks  per  day  (Appendix 
Table  H-1;  p=0.003).  Tne  adjusted  mean  scores  for  the  background,  unknown,  low,  and  high 
categories  were  59.0,  75.0,  69.6,  and  38.0.  Thus,  the  mean  antisocial  score  of  the  Ranch 
Hands  in  the  unknown  current  dioxin  category  was  significantly  higher  than  the  mean  score  of 
the  Com.parisons  in  the  background  category  (p=0.049)  and  Ranch  Hands  in  tlie  high  category 
had  a  significantly  lower  mean  antisocial  score  than  the  Comparisons  in  the  background 
category  (p=0.010). 

After  deletion  of  the  current  dioxin-by-current  alcohol  use  interaction  from  the  model, 
the  analy.sis  of  categorized  current  dioxin  detected  a  marginally  significant  difference  .among 
the  mean  antisocial  scores  of  the  four  categories  (Table  9-40  []]:  pO.061).  The  mean  score 
of  the  low  category  was  found  to  be  significantly  higher  than  the  mean  score  of  the 
background  category  (p=0.012). 

Compulsive  Score — .MCMI 

Model  1:  Ranch  Hand.',  -  Lag2  (Initial  Dioxin) 

The  unadjusted  analysis  under  both  the  minimal  and  the  maximal  assumption  displayed 
nonsignificant  associations  between  the  MCMI  compulsive  score  arid  initial  dioxin  (Table 
9-41  [a]  and  [b]:  p=0.193  and  p=0. 178,  respectively).  After  the  adjustment  for  covariate 
information,  the  associations  v/ere  still  nonsignificant  for  both  the  minimal  and  the  ma.ximal 
cohons  (Table  9-41  [c]  and  [d];  p=0.976  and  p=0.58G). 


Model!:  Ranch  Hands  ■  Lag2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  compulsive  score,  under  both  the  minimal  and 
maximal  assumptions,  the  interactions  between  current  dioxin  and  time  since  tour  were  not 
significant  (Table  9-41  [e]  and  [f];  p=0.5/6  and  p=0.832,  respectively).  The  associations 
beween  current  dioxin  and  the  compulsive  score  were  also  nonsignificant  within  ihe  time 
strata  for  brath  minima]  and  maximal  cohons. 
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TABLE  9^1. 


Analysis  of  Comoulsive  Score 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  (Initial  Dioxin)  -  Unadjusted 

Slope 

n  Mean^  (Std.  Error)^  p- Value 

a)  Minimal 

Low 

129 

69.2  -58.779  (45.095)  0.193 

(n=514) 

Medium 

256 

63.5 

(R2=0.003) 

liigh 

129 

68.0 

b)  Maximal 

Low 

182 

68.9  -42.347  (31.425)  0.178 

(n=732) 

Medium 

368 

68.9 

(R2=0.002) 

High 

182 

67.8 

Ranch  Hands  -  L032  (Initial  Dio.vir.)  -  Adjusted 

Initial 

Adj. 

Adj.  Slope  Covariate 

Assumption 

Dioxin  n 

Mean^ 

(Std.  Error)!^  p-Value  Remarks 

c)  Minimal 

Low  129 

63.7 

1.335  (45.155)  0.976  AGE  (p <0.001 ) 

(n=509) 

Medium  252 

68.5 

DRKYR  (p<0.001) 

(R2=0.080) 

High  128 

68.7 

d)  Maximal 

Low  179 

68.6  18.043  (32.578)  0.580  DRKYR  (D<0.00i) 

(n=719) 

Medium  362 

68.8 

AGE*.EDUC 

(R2=0.071) 

High  178 

68.9 

(p=0.048) 

“Transformed  from  square  scale. 

^Slope  and  standard  error  based  on  square  compulsive  score  versus  !og2  dioxin. 
Note;  .Minimal— Low:  52-93  ppt;  .Medium:  >93-292  ppi;  High:  >292  ppt. 

Maxi.Ti.al-Low:  P5-56.9  ppq  .Medium:  >56.9-21S  ppt;  High:  >2!S  ppt. 


TABLE  9-41.  (Contmiied) 


Analysis  of  Compulsive  Score 
(MCTVH) 


Assumption 

Ranch  Hands  - 

Time 

(Yrs.) 

Log2  (Current  Dioxin) 

Mean^/(n) 

_ Cuirem  DiP3i 

Low  Medium 

and  Time  -  Unadjusted 

n 

Slope 

High  (Std.  Error)^  p-Value 

e)  Minimal 

0.576= 

(n=514) 

<13.6 

69.1 

68.4 

67.7  -35.019  (73.555)  0.6344 

(r2=o.C05) 

(72) 

(128) 

(53) 

>18.6 

69.4 

68.8 

67.8  -88.219  (50.291)  0.1444 

(56) 

(129) 

(76) 

f)  Maximal 

0.832= 

(n=732) 

<18.6 

69.5 

68.2 

68.5  -42.543  (48.816)  0.3844 

(r2=O.C03) 

(1C5) 

(190) 

(82) 

>18.6 

69.2 

69.0 

67.8  -56.414  (43.184)  0.1924 

(78) 

(175) 

(102) 

Ranch  H 

[ands 

-  Log2  (C 

urrent  Dioxin)  and  Time  -  Adjusted 

Adj.  Mean^/Cn) 

_ CurnTit  Dio3 

iifl _ 

Time 

Adj.  Slope  Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

High  (Std.  Error)^  p-Value  Remarks 

g)  Minimal 

0.476=  AGE  (p<o.001) 

(n=505) 

<18.6 

es.i 

68.6 

68.9  65.987  (72.879)  0.3664  d.RKY)^  (rxO.OOl) 

(r2^0.089) 

(71) 

(126) 

(53) 

EDUC  (p=0.129) 

>18.6 

69.1 

63.9 

68.3  0.742  1603259)  0.9904 

(56) 

(125) 

(74) 

h)  Maximal 

0.963=  DRKYR  (p<0.001) 

(n=719) 

<18.6 

69.3 

68.1 

69.4  16.780  (49.397)  0.7344  AGE*£DUC  fp=G.C47) 

CR2^0.071) 

(104) 

(186) 

(81) 

>18.6 

68.3 

69.0 

69.0  13.336  (43.818)  0.7524 

(77) 

(172) 

(99) 

^ruisformtti  firoTT 

1  square  scale. 

”Slope  and  !tiand.ard  error  ba^ed 

on  sqn.Tis  compuisiv 

e  score  versus  log2  dioxin. 

'Test  of  sii^iificance  for  homogsneiry  cf  slopes  (cunrrd  dioxin  continuous,  tirns  categorized), 
^fesi  oi  T.'ficancc  for  slope  equal  to  0  fc’.trrent  dioxin  continuous,  time  cai-egorized), 

Note:  ii;j3im.ai-Low:  >iO-U‘.65  ppt;  .‘derium;  >14.65-15.75  ppt;  Hig.h:  >*15.75  put. 

M7,ALTliLl--Low;  >5-9.01  ppi;  .Me*dium:  >9.01-33.3  ppt;  Itig.h;  >33.3  ppt. 


^  •flill't  Ji'll  Jrlll'lli  bU 


TABLE  9-41.  (Continued) 

Analysis  of  CompaJsive  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 


Dioxin 

Difference  of 

p-Valucf 

Category 

n 

Mean^ 

Contrast 

Means  (95%  C.I.)® 

Background 

781 

68.4 

All  Caagoiics 

0.838 

Unknown 

340 

68.7 

UrJoiown  vs.  Background 

03  - 

0.621 

Low 

194 

63.7 

Low  vs.  Background 

03  - 

0.641 

High 

184 

63.1 

High  vs.  Sackground 

-0.3  - 

0.621 

Total 

1,499 

a^2<o.G01) 

j)  Ranch 

Hands  and  Cotnpansons  by  Current  Dioxin  Category 

-  Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariaie 

Category 

n 

Contrast  Means  {95%  C.I.)®  p-Value^ 

Remarks 

Backgrou.od 

775 

63.5 

All  Categories 

0.962 

AGE'DRKYR  (p<0.001) 
AGE*EDUC  (p.=0.020) 

Unknown 

335 

63.6 

Unknown  vs.  Background  0.1 

0.829 

Low 

190 

68.7 

Lov/  vs.  Background  0.2 

0.730 

High 

180 

68.8 

High  vs,  Lxkgrour.d  0.3 

0.641 

Total  1,480 


(P2=0.056/ 


®Trunsfcrrm:?i  &om  scua-:  scaJe, 

^Difference  of  meani  ifiei  tianjfnrmatiun  lo  origir.ai  scale;  coiificence  inicrval  on  difference  of  means  not  given 
because  analysis  -vas  pert'ormed  on  square  scale. 

‘P-vaJ:;e  is  based  on  difference  of  mc.n.ns  on  s-quare  scale. 

Mote;  Background  (Comparisons);  Currant  Diocin  ^10  ppt. 

UnfcnowTi  (Ranch  Hands);  Current  Dioaiit  rjlO  pot. 

Low  (Ranch  Hands):  15  ppt  <  Current  Diorin  <3353  ppu 
High  (Ranch  liondi);  Current  Diosin  >33J  ppL 


These  findings  did  not  change  after  adjusting  for  covariate  information  (Table  9-41  [g] 
and  [h]:  p>0.35  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Diosin  Category 
In  both  nhe  unadjusted  and  the  adjusted  analysis  of  categorized  current  dioxin,  there 
were  no  significant  differences  detected  among  the  mean  MCMI  compulsive  scores  of  the  four 
current  dioxin  categories  O’s-b^s  9-41  [i]  and  [j];  p>0.69  for  each  analysis), 

Passive-Aggressive  Sccre — MCMI 
Model  1:  Ranch  Hands  -  Logg  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  MCMI  pas.sive-aggressive  score  detected  significant 
positi’'e  associations  with  initiaJ  dioxin  for  both  the  minimal  a,nd  the  maximal  cohorts  (Table 
9-42  [a]  and  [b]:  p=0.046  and  p<0.001).  In  the  minimal  a.nalysis,  the  unadjusted  mean 
passive-aggressive  scores  for  the  low,  medium,  and  high  initial  dioxin  categories  were  13.7, 
20.3,  and  21.2.  The  corresponding  mean  scores  for  the  maximal  cohort  were  17.3,  18.9,  and 
21.5,  respectively. 


After  the  adjustment  for  age,  lifetime  alcohol  history,  and  education,  the  minimal 
analysis  detccte-d  a  nonsignificant  positive  association  between  initial  dioxin  and  the 
passive-aggrc.ssive  score  (Table  9-42  [c];  p=0.950).  Similarly,  after  adjustment  for  age, 
race,  lifetime  alcohol  history,  and  a  Cuirent  alcohol  use-by-education  interaction,  the  maximal 
analysis  also  exhibited  a  nonsignificant  positive  association  between  initial  dioxin  and  the 
passive- aggressive  score  (Table  9-42  [d]:  p=0.295). 


Model  2:  Ranch  Hands  -  Logg  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  minimal  cohort,  tiie  current  dicxin-by-tim,e  since  tour 
interaction  was  nonsignificant  (Table  9-42  [e]:  p-0.37i).  Within  the  ot  er*18,6  years  time 
stratum,  there  wa.':  a  significant  positive  association  berween  current  dioxin  and  the  passive- 
aggressive  score  (p=0.037).  Tr.e  unadjusted  m.ean  scores  for  Ranch  Hands  with  lime  greater 
than  18.6  years  increased  steadily  for  increasing  levels  of  current  dioxin  (low,  17.8;  medium 
20.5;  high,  21.4). 

Based  upon  the  maximal  assumption,  the  unadju.sted  analysis  again  displayed  a 
nonsimificant  current  dioxin-by-ti:nc  since  tour  interaction  (Table  9-42  [f]:  p=o’.768). 

How,,’  er,  both  time  strata  exhibited  a  sig.niiicant  pcsitive  association  between  current  dioxin 

and  the  passive-aggressive  score  (<1S. 6  years;  p=G.ai4;  >18.6  years:  p=0.(X)7).  The 

unadjusted  mean  scores  for  the  time  less  than  or  equal  to  18.6  years  stranam  for  low,  medium, 
and  high  carrent  dioxin  were  16,2,  >;G.  1,  and  19./.  For  the  time  over  18.6  vears  stratum,  the 
unadjusted  mean  passive-aggressive  scores  increased  for  increasing  current  dioxin  levels 
(low,  16.8;  medium.  19.6;  hizh,  20.9). 
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TABLE  9-42. 


Analysis  or  Passive-Aggressive  Score 
(MCMI) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjiisted 

Initial 

Slope 

Assumotion 

Dioxin 

n 

Mean^ 

(Std.  Error)^  p- Value 

a)  Minimal 

Low 

129 

18.7 

0.130  (0.065)  0.046 

(n=514) 

Medium 

256 

20.3 

(R2=.-0.008) 

High 

129 

21.2 

b)  Maximal 

Low 

182 

17.3 

0.156  (0.046)  <0.001 

fn=732) 

Medium 

368 

18.9 

(R2=0.015) 

High 

182 

21.5 

Ranch  Hands  -  Log2  (IJ^ilial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

A.ssumption 

Dioxin  n 

Mean^ 

(Std.  Error)^  p 

i-Valuc  Remarks 

c)  Minimal 

Low  128 

19.7 

0.004  (0.066) 

0.950  AGE  (p<0.COl) 

(n=-503) 

Medium  250 

19.7 

DRKYR  (p<0.001) 

(r2=O.OSO) 

High  127 

19.0 

EDUC  (p=0.003) 

d)  Maximal 

Low  179 

20.6 

0.C50  (0.048) 

0.295  AGE  (p<0.001) 

(n--=719) 

Medium  362 

21.0 

RACE  (p=0.056) 

(R2=0.096) 

High  178 

21.4 

DRKYR  (D<0.001) 

ALC*EDUC  (p=0.031) 

^TransformeJ  from  scuaje  roct  scile. 

^Slope  ind  standard  mcr  based  on  square  root  passive-aggressive  score  versus  log2  dioxin. 
Note:  5diuijI)jU--Lcw;  32-93  ppi;  Medium;  >93-292  ppt;  High:  >292  ppt. 

MiUia^.l-Lo'v;  25-56.9  ppt;  .Medium;  >56.y-2!S  ppt;  Hig.h:  >218  ppL 


9-175 


TABLE  9-42.  (Continued) 


Analysis  of  Passive-Aggressive  Score 
(MCivn) 


Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 


Meaa3/(n) 

_ Current  Dioxiii _ 

Time 

Slope 

Assumptio.n 

(Yrs.) 

Low  Medium  High 

(Sid.  Error)h 

p-Vaiue 

Minimal 

0.371= 

(n=514) 

^13.6 

18.6 

20.2 

21.7 

0.059 

(0.106) 

0.5784 

Cr2=o.(X)9) 

(72) 

(128) 

(53) 

0.0374 

>18.6 

17.8 

20.5 

21.4 

0.182 

(0.087) 

(56) 

(129) 

(76) 

Maximal 

0.768= 

(n=732) 

<1S.6 

16.2 

20.1 

19.7 

0.145 

(0.072) 

0.0444 

(:r2=0.016) 

(105) 

(190) 

(82) 

0.0074 

>18.6 

168 

19.6 

20.9 

0.174 

(0.064) 

(78) 

(175) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Mccn^/(n) 

Current  Dioxin 

Tune  Adj.  Slope  Covariate 


Assumption 

(Yrs.) 

Low 

Medium 

High 

(3td.  Errorlb 

p-Vaiue 

Re.marScs 

g)  Minimal 

0.324= 

AGE  (p<0.001) 

(n=505) 

<18.6 

19.8 

19.4 

18.9 

-0.089  (0.106) 

0.40  [4 

DRKTR  (p<0.001; 

(R2=0.082) 

(71) 

(126) 

(53) 

EDUC  (p=0.003) 

>18.6 

18.9 

20.1 

19.5 

0,042  (0.083) 

0.6304 

(56) 

(125) 

(74) 

h)  Maximal 

0.823= 

AGE  (p<0.001) 

(n=719) 

<18.6 

19.0 

21.9 

19.5 

0.033  (0.073) 

0,6464 

RACE  (p=0.059) 

(R2=0,096) 

(104) 

(186) 

(81) 

DRKYR  (ikO.OCI) 

>18.6 

20.3 

21.8 

20.2 

0.054  (0.064) 

0.3994 

ALC'EDUC  (p=0.032) 

(77) 

(172) 

(99) 

®Tranjronnrri  from  scjuar-  root  scale, 

'’Slope  and  standard  error  based  on  square  root  passive-aggressive  score  versus  logo  dioxin. 


'Test  of  siznificance  for  homogeneity  of  slopes  (current  dioxin  continvous,  time  categorized). 
''Test  ot  sigriificance  for  slope  equal  to  0  (curren:  dioxin  continuoc;,  ume  categorized). 

Note:  .Mir,'  ir.al--Lo''v:  >10-14.65  ppt;  .Medium:  >14,65-45.75  ppt:  Hig.":  .'>45.75  ppl. 

.Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33J  ppt;  High:  >33.3  ppL 
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TABLE  9-42.  (Continued) 


Analysis  of  Passive-Aggressive  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Difference  of 

Category 

n 

Mea-T^ 

Contrast 

Means  (95%  C.I.)« 

p-Va!ue^ 

Background 

781 

19.0 

All  Categories 

0.054 

Unknown 

340 

17.6 

Unknown  vs.  Background  -1.4  - 

0.132 

Low 

194 

20.8 

Low  vs.  Background 

1.8  - 

0.128 

High 

184 

20.4 

High  vs.  Background 

1.4  - 

0.268 

Total 

1,499 

(r2=0.005) 

J)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

-  .Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mcan^ 

Contrast 

Means  (95%  C.I.)®  p-Value^ 

Remarks 

Backgrourd 

773 

18.9** 

All  Categories 

0248** 

DXCAT'AGE  (p=0.031' 
DRKYR  (ixO.OOl) 

Unknown 

333 

18.0»* 

Unknown  vs.  Background 

-0.9  0.315** 

EDUC  (p=0.037) 

Low 

190 

20."** 

Low  vs.  Background 

1.8  -*•  0.138” 

High 

180 

18.9** 

High  vs.  Background 

O.O  0.965** 

Total 

1,430  ■ 

(R2=0.051) 

^ransfonned  from  sauars  root  scale. 

‘'Difftrence  of  means  after  transformation  to  original  scale;  confidence  interval  on  difference  of  means  not  given 
tecau.se  analysis  was  performed  on  ,squ.tre  root  scale. 

^P-vaJue  is  based  on  difference  of  means  on  s<iuare  root  sc.ale. 

••Categorized  current  dioxin-by-covariate  inlcrsciron  (0.01<p£0.05);  adjusted  mean,  confidence  interval,  and  p-value 
derived  from  a  mode]  fitted  .after  deletion  of  i.bis  interaction. 

Note:  Background  (Comp.arisons):  Current  Dioxin  ^10  ppt. 

Unlffiowm  (Ranch  H.ands):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  Hands;:  15  ppt  <  Current  Dio.xi.o  <33.3  ppt. 

High  (Rarich  Hand.*':  Current  Dioxin  >33.3  ppt. 


After  the  adj^jstment  for  covaristc  infonnaden,  the  interactions  between  current  dioxin 
and  time  remained  nonsignificant  (Table  9-42  [g]  and  [h]:  p=0.324  and  p=0.823, 
respectively).  Tne  associations  between  cinrcnl  dioxin  and  the  passive-aggressive  score 
became  nonsignificant  within  both  rime  strata  for  the  minimal  cohort  after  age,  lifetime  alcohol 
history,  and  education  were  retained  in  the  model.  Similarly,  after  adjustment  for  age,  race, 
lifetime  alcohol  history,  and  a  current  alcohol  r.se-by-education  interaction  in  the  maximal 
analysis,  the  associations  between  current  dio;:in  and  the  passive- aggressive  score  became 
nonsignificant 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unadjusted  analysis,  there  was  a  margLnally  significant  difference  among  the 
mean  passive- aggressive  scores  of  the  four  current  dioxin  categories  (Table  9-42  [i]: 
p-=0.054).  However,  the  mean  score  of  the  background  group  of  Comparisons  did  not  differ 
significantly  from  the  mean  score  of  the  unknown,  low,  or  high  current  dioxin  categories 
(p=0.132,  p=43.128,  and  p=0.268,  respectively).  The  unadjusted  mean  scores  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  19.0,  17.6,  20.8,  and  20.4. 


The  adjusted  analysis  of  the  MCMI  passive-aggressive  score  detected  a  significant 
interaction  between  categorized  current  dioxin  and  age  (Table  9-42  [j]:  p=0.031).  To 
examine  this  interaction,  adjusted  analyses  were  performed  for  Ranch  Hands  and 
Comparisons  bom  in  or  after  1942  and  for  those  bom  before  1942.  For  the  younger 
participants,  the  overall  contrast  of  the  four  current  dioxin  categories  was  significant 
(Appendix  Table  H-1:  p=0.(X)4).  For  these  pamcipants,  the  mean  passive-aggressive 
scores  for  the  background,  unknown,  low,  and  high  categories  were  19.5,  19.7,  26.7,  and  20.9. 
The  contrast  of  the  Ranch  Hands  in  the  low  category  versus  the  Comparisons  in  the 
background  category  was  also  significant  (p<0,C01)  with  the  Ranch  Hands  having  a  higher 
mean  passive-aggressive  score  than  the  Comparisons.  In  fact,  the  Ranch  Hands  in  the 
unknown,  low,  and  high  categories  had  higher  mean  adjusted  passive-aggressive  scores  than 
the  Comparisons  in  the  background  category. 

For  the  older  participants  (bom  before  1942),  the  simultaneous  contrast  of  the  four 
current  dioxin  categories  was  not  significant  (Appendix  Table  H-1:  p=0.450).  The  mean 
adjusted  passive-aggressive  scores  for  these  participants  in  the  background,  unknown  low 
and  high  categories  were  18.4,  16.8,  16.8,  and  17.8.  Unlike  the  analysis  of  the  younger’  '  ’ 

participants,  the  older  Comparisons  in  the  background  category  had  a  higher  mean  adjusted 
passive-aggressive  score  than  the  older  Ranch  Hands  in  the  unknown,  low  and  hi<7h 
categories.  ® 


After  deletion  of  the  interaction  from  the  model  and  adjusting  only  for  lifetime  alcohol 
istory  md  education,  the  adjusted  analysis  of  the  passive-aggressive  score  and  cate'-rorized 
current  dio.xin  was  not  significant  (Tabic  9-42  [j];  p=0.243).  ° 
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Schizotypal  Scor  e — MCMI 


Model  1:  Ranch  Hands  -  Lcg2  (Initial  Dioxin) 

The  unadjusted  analysis  of  both  the  minimal  and  the  maximal  cohort  displayed  a 
significant  positive  association  beuvecn  initial  dioxin  and  the  MCMI  schizotypal  score  (Table 
9-43  [a]  and  [b]:  p<0.001  and  p<O.C01,  respectively).  Tne  unadjusted  mean  schizotypal 
scores  for  th>e  minimal  analysis  for  the  low,  medium,  and  high  initial  dioxin  categories  were 
31.9,  34.8,  and  39.1.  For  the  maximal  cohort,  the  corresponding  mean  scores  were  32.2,  33.2, 
and  38.1,  respectively. 

The  adjustment  for  covariate  information  did  not  change  the  significance  of  the  positive 
association  beUveen  initial  dioxin  and  the  schizotypal  score  for  cither  the  minimal  or  the  maximal 
cohort  analysis  (Table  9-43  [c]  and  [dj:  p<0.C01  and  p=0.001). 


Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  schizotypal  score  with  current  dioxin  and  time 
since  tour  under  the  minimal  assumption,  the  interaction  between  current  dioxin  and  time  was 
not  significant  (Table  9-43  [ej:  p=0.264).  A  significant  positive  association  between  current 
dio.xin  and  the  schizotypal  score  was  found  for  Ranch  Hands  'with  time  over  18.6  years 
(p<0.001).  The  unadjusted  m.e.an  scores  for  this  time  sirantm  became  larger  for  increasing 
levels  of  curren:  dioxin  (low,  33.6;  medium,  34.7;  high,  41.8). 

Under  the  maximal  assumption,  the  unadjusted  analysis  detected  a  nonsignificant 
current  dioxin-by-time  since  tour  interaction  (Table  9-43  [f);  p=0.290).  Thus,  the  positive 
relationships  berween  current  dioxin  and  the  schizor/pal  score  did  not  differ  significantly  for 
the  two  time  strata.  Within  each  time  stratum,  there  was  a  significant  positive  association 
between  current  dioxin  and  the  schizotypal  score  (^18.6:  p=0.037;  >18.6:  p<0.(X)l).  The 
unadjusted  me.an  scores  for  the  time  les.s  than  or  equal  to  18.6  years  stratum  for  low,  medium, 
and  high  current  diox'.n  were  31.7,  32.1,  and  36.6.  The  cemesponding  mean  scores  for  t.he  time 
over  18.6  years  strarum  were  32.4,  34.4,  and  39.8. 

After  adjusting  for  education,  both  the  minimal  and  the  maximal  analysis  displayed  a 
nonsignificant  current  dioxin-by-time  since  tour  interaction  (Table  9-43  [g]  and  [h]:  p=0.296 
and  p=0.225,  respectively).  Uider  bot-h  the  minimal  and  the  maximal  assum.ptions,  there  was 
a  significant  po.ririve  association  berween  current  dioxin  and  the  MCMI  schizotypal  score  for 
Ranch  Hands  'vith  timic  over  18.6  years  {p=0.CO2  for  both  analyses). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  anal}  sis  of  vaicgorizcd  current  dioxin,  a  significant  difference  was  detected  amon? 
the  mean  schizotypal  scores  of  the  panidpants  in  the  four  current  dioxin  cateaories  (Table 
9-43  [i]:  _p--=O.OC3).  The  un.adjusted  m.ean  scores  for  the  background,  unknown,  low,  and  hiah 
current  deoxm  categones  were  33.9,  31.9,  34.0,  and  38.4.  The  tnean  schizotypal  scores  of  the 
Ranch  Hands  in  the  unxnown  and  low  categories  did  not  diifer  significantly  from  the  mean 
score  of  the  background  category  of  Comparisons  (unknown  versus  background:  d=0.1  14;  !ow' 
versus  background:  p=fi.914).  Hov.-ever,  the  m.ean  schizotypal  score  for  the  Ranch  Hands  in 


TAELE  9-43. 


Analysis  of  Schizotypal  Score 
(MCMI) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  ■ 

■  Unadjusted 

Initial 

Slope 

Assumption 

EHoxin 

n 

Mean 

(Std.  Error)^  p-Value 

a) 

Minimal 

Low 

129 

31.9 

2.836  (0.667)  <0.001 

(n=514) 

Medium 

256 

34.8 

(R2=0.034) 

High 

129 

39.1 

b) 

Maximal 

Low 

182 

32.2 

2.298  (0.497)  <0.001 

(n=732) 

Medium 

368 

33.2 

(r2=G.028) 

High 

182 

38.1 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean 

(Std.  Error)a 

p-Value  Rema.’’ks 

c) 

Minimal 

Low  128 

31.8 

2.448  (0.670) 

<0.001  EDUC  (p<0.001) 

(n=510) 

Medium  254 

33.6 

(R2=0.062) 

High  128 

37.8 

d) 

Maximal 

Low  181 

33.6 

1.681  (0.516) 

0.001  EDUC  (p<0.001) 

(n=^727) 

Medium  365 

32.7 

(r2=0.030) 

High  181 

36.7 

*Slope  and  standard  errcr  based  on  schizotypil  score  versus  log2  dioaLn. 

Note;  Miiuaijj.-Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

Maaimal-Low:  25-56.9  ppt;  Medium;  >56.9-218  ppt;  High;  >21G  ppt. 


TABLE  9-43.  (Conllnuad) 


Analysis  of  Schi2otypal  Score 
(MCMI) 


Ranch  Hands  • 

Log2  (Current  Dioxin)  and  Time  • 

•  Unadjusted 

MeaD/(n) 

Current  Dioxin 

Time 

SIOjTC 

Assumption 

(Yrs.) 

Low 

Medium  High 

(Std.  EiTor)^ 

p-Value 

e)  Minir.3al 

0J264*’ 

(n=»514) 

<18.6 

31.0 

34.6  35.3 

1.724  (LOSS) 

0.1 

(R^O.036) 

(72) 

(123)  (53) 

>18.6 

33.6 

34.7  41.8 

3.296  (0.S9I) 

<0.001'’ 

(56) 

(129)  (76)  . 

f)  Maximal 

0.290*’ 

(n=:732) 

<18.6 

31.7 

32.1  36.6 

1.610  (0.771) 

0.037C 

(R?nr0.031) 

(105) 

(390)  (37.) 

>18.6 

32.4 

34.4  39.8 

2.701  (0.682) 

<0.001'’ 

(73) 

(175)  (102.) 

Ranch  Hands 

-  Lo'J2  (Current  Dioxin)  and  Time 

-  Adjusted 

Adj.  Mean,/(n) 

Current  Dioxin 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.)  Low 

Medium 

High  (Std.  EiTcr)3 

p-Value 

Remarks 

g)  Minimal 

0.296*’  EDUC  (p<0.C01) 

(n=510) 

<18.6  30.7 

33.5 

34.0  1J97  (l.OSl) 

0.197’ 

(R2=o.Of>i) 

(71) 

(127) 

(.53) 

>18.6  33.8 

33.4 

40.5  2.355  (0.893) 

0.002C 

(56) 

(128) 

(75) 

h)  Maximal 

0.225*’  EDUC  (F<0.001) 

(n=727) 

<18.6  33.0 

31.6 

35.4  0.904  (0.734) 

0.250C 

(r2=0.054) 

(105) 

(187) 

(82) 

>18.6  33.3 

34.1 

3.8.2  2.143  (0.691) 

O.COT’ 

(73) 

(174) 

(101) 

^S’opc  ar.d  ."tsr.Cijd  -nor  nn  ^chizocypsil  score  versus  log2  dioxin. 

of  significance  for  hcmogoneiry  of  slopes  (current  dioxin  conrinuous,  time  caiegorized). 
^est  of  significance  for  slope  equ.aJ  to  0  (current  dioxin  continuous,  time  ;.atc;nri:ed). 

Note:  >!0-li.65  ppt;  .Medium;  >l‘1.6o-f5.73  ppt;  High:  >45.75  ppt. 

>5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  Hig.h:  >33.3  ppt. 
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TABLE  9-43.  (Continued) 


Analysis  of  Schizotypal  Score 
(MCiVn) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  - 

Unadjusted 

Current 

Dioxin 

Difference  of 

Catei;ofy 

n 

Mean 

Contrast  Means  (95%  C.I.) 

p-Value 

Background 

781 

33.9 

All  Categories 

0.003 

Unknown 

340 

31.9 

Unknown  vs.  Background  -1.9  (-4.3,0.5) 

0.114 

Low 

194 

34.0 

Low  vs.  Backgrou.nd  0.2  (-2.83.1) 

0.914 

High 

184 

38.4 

High  vs.  Background  4.5  (1.5.7.5) 

0.004 

Total 

1.499 

(r2=o.CG9) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin 

Category  •  Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mean 

Contrast  Means  (95%  C.I.)  p- Value  Remarks 

Background 

775 

33.9 

All  Categories  0.053 

DRKYR  (p=r0.063) 
EDUC  (p<0.001) 

Unknown 

335 

32.5 

Unknown  vs.  Backsp-ound  -1.4  (-3. 8.1.0)  0.251 

Low 

190 

33.5 

Low  vs.  Backzround  -0.4  (-3. 4, 2, 5)  0.788 

High 

180 

37.3 

High  vs.  Background  3.4  (0.4,6.5)  0.029 

Total 

1,480 

(r2^.024) 

Note:  Background  (Compaijona);  Current  Dioxin  SlO  ppt. 

Unknown  (Ranch  Hands):  Cunent  Dioxin  ^10  ppt. 

Low  (Ranch  Hands):  15  ppt  <  C'rrrent  Dioxin  <33J  ppt 
High  (Ranch  Hands):  Curreitt  Dioxin  >33 J  ppt 


the  high  can'cnt  dioxin  category  was  significajitly  higher  than  the  mean  score  for  the 
Comparisons  in  die  background  category  (p-O.C^). 

After  the  adjustment  for  lifetime  alcohol  history  and  education,  there  was  only  a 
marginally  significant  difference  detected  in  the  mean  schizotypal  scores  of  the  four  current 
dioxin  categories  (Table  9-43  [j]:  p=0.053).  Concurrent  with  the  results  of  the  unadjusted 
analysis,  the  mean  score  of  the  Ranch  Hands  in  tlie  high  emrent  dioxLn  category  was 
sigtiificantly  higher  than  that  of  the  Comparisons  in  the  background  category  (p=0.029). 

Borderline  Score — MCMI 

Model  1:  Ranch  Hands  -  L0S2  (Initial  Dioxin) 

The  unadjusted  analysis  under  the  minima!  assumption  displayed  a  nonsignificant 
association  between  initial  dioxin  and  the  MCMJ  borderline  score  (Table  9-44  [a]:  p=0.202). 
The  maximal  unadjusted  analysis  of  the  borderline  score  detected  a  significant  positive 
association  with  initial  dioxin  (Table  9-14  [b]:  p=0.028).  For  the  maximal  cohon,  the 
unadjusted  mean  borderline  scores  became  larger  for  increasing  levels  of  initial  dioxin  (low, 
31.2;  medium,  32.5;  high,  33.6). 


In  die  adjusted  minimal  analysis,  tlie  as-sociation  bcr.veen  initial  dioxin  and  the 
borderline  score  remained  nonsignificant  (Table  9-44  [c]:  p^.333).  Under  the  maxima! 
assumption,  the  adjusted  analysis  detected  a  significant  interaction  between  initial  dioxin  and 
education  (Table  9-44  [dj;  p=0.021).  To  examine  this  interaction  separate  analyses  are 
presented  for  each  education-level  stramm.  For  Ranch  Hands  with  a  college  education,  there 
was  a  significant  increasiig  association  between  initial  dioxin  and  the  borderline  score 
(Appendix  Table  H-1:  p=0.021),  Tne  adjusted  mean  scores  for  the  low,  medium,  and  high 
initial  dioxin  categories  were  31.1,  32.4,  and  37.8.  In  contrast,  for  Ranch  Hands  with  a  high 
school  education,  the  analysis  displayed  a  nonsignificant  negative  association  (Appendix 
Table  H-1:  p=0.373). 


After  deletion  of  the  initial  dioxin-by-education  interaction,  the  maximal  adjusted 
analysis  exhibited  a  nonsignificant  association  between  initial  dioxin  and  the  MCMI 
borderline  score  (Table  9-14  [d];  p=0.388). 


Model  2:  Ranch  Hands  ■■  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  analysts  of  the  MCMI  borderline  score  based  on  current  dioxin  and  time 
since  tour  did  not  detect  a  significant  curre.nt  dioxin-by-time  interaction  for  either  the  minimal 
or  the  maximal  cohon  (Table  9-U  [e]  an.d  [f];  p=.-0.3ri  and  p=t0.8C9).  In  the  minimal 
an-iiysis,  the  association  berween  current  dioxin  and  the  borderline  score  was  also 
nonsignificant  within  each  time  straram.  However,  fer  the  maxima!  cohon,  there  was  a 
marginally  significant  positive  as-sociation  bet'.veen  current  dioxin  and  the  borderline  score  for 
those  Ranch  Hands  with  time  over  18.6  years  (Table  9-44  [f]:  p=0.072).  The  unadjusted 
mean  scores  for  this  rime  stranirn  for  low,  medium,  and  high  current  dioxin  were  30  5  33  5 
and  33.3.  '  •  -  -  •  - 
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TABLE  9-44. 


Analysis  of  Borderline  Score 
(MCMI) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  ■  Unadjusted 


Assumption 

Initial 

Dioxin 

n 

Mean 

Slope 

(Std.  Errof)^ 

p- Value 

a)  Minimal 

Low 

129 

33.2 

0.794  (0.622) 

0.202 

(n=514) 

Medium 

256 

32.8 

(r2=0.003) 

High 

129 

34.0 

b)  Maximal 

Low 

182 

31.2 

0.991  (0.451) 

0.028 

(n=732) 

Medium 

368 

32.5 

(R2=0.007) 

High 

182 

33.6 

Ranch  Hands  -  Log2  (Initial  Dioxin)  •  Adjusted 


Assumption 

Initial 

Diordn 

n 

Adj. 

Mean 

Adj.  Slope  Covariate 

(Sid.  Error)^  p-Valuc  Remarks 

c) 

Minimal 

Low 

128 

36.1 

0.611  (0.631)  0.333  R.^CE  (p=0.022) 

(n=505) 

Medium 

250 

35.2 

DRKYR  (p=0.049) 

(r2=0.033) 

liigh 

127 

36.5 

EDUC  (p=0.036) 

d) 

Maximal 

Low 

179 

35.8** 

0.405  (0.469)**  0.388**  INIT*EDUC  (p=0.021) 

(n=719) 

Medium 

362 

35.0** 

RACE  (p=0.019) 

(R2=0.046) 

High 

178 

35.6** 

DRKYR  (p=0.135) 

*S’.(yp«  and  standaid  error  based  on  borderline  score  versos  bg2  dioxin. 

••Log2  (initial  dioxin)-by^variate  interaction  (O.Ol  cp^O.OS);  adjusted  mean,  adjusted  slope,  standard  error,  and  p- 
value  derived  .TCm  a  rr.cdcl  fitted  after  deletion  of  this  interaction. 

Note:  idinini3i"Low;  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

MjAiaiJi-Low;  25-56.9  ppt;  .Medium:  >56.9-213  ppt;  High:  >218  ppt. 


TABLE  9-44.  (Continued) 


Analysis  of  Borderline  Score 
(MCVH) 


Ranch  Hands  - 

Log2  (Current  Dio.’dn)  and  Time  - 

Unadjusted 

MeaiV(n) 

_  Current  Dioxin _ 

Time 

Slope 

Assu.npticn 

(Yrs.) 

Lew 

Medium  High 

(Sid.  Enor)a 

p-Va!ue 

c)  Minimal 

031 1*^ 

(n--514) 

<18.6 

33.5 

33.3  32.2 

-0.016  (1.015) 

0.983<^ 

(r2=0.005'; 

(72) 

(128)  (53) 

^IS.6 

33.1 

32.1  35.3 

1.315  (0.832) 

0.115‘= 

(56) 

(129)  (76) 

f)  Ma.ximal 

0.809*’ 

(n=732) 

<18.6 

30.1 

32.6  33.9 

0.891  (U.701) 

G.2D4d 

CR?-=0.007) 

(105) 

(190)  (82) 

>18.6 

30.5 

33.5  33.3 

1.118  (0.620) 

0.072C 

(73) 

(175)  (102) 

Ranch  Plands 

*  Log2  (Current  Dio.'un)  and  Time 

-  Adjusted 

Adi.  Mcan/(n) 

Current  Dioxin 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.)  Low 

Medium 

High  (Std.  ErTpr)3 

p-Vaiue 

Remarks 

g)  Minimal 

0.334h  R 

ACE  (p=0.023) 

(n=:505) 

<18.6  3o.6 

36.2 

35.2  -0.074  (1.014) 

0.942'^  DRKYR  (p=0.040) 

(R  2=0.035) 

(71) 

(126) 

(53) 

EDUC  (p=0.0i9) 

>18.6  35,8 

34.2 

37.5  1.139  (0.839) 

0.1 57<: 

(56) 

(125) 

(74) 

h)  Ma^tim.al 

0.739'^  RACE  (p=x0.016) 

(n=7i9) 

<18.0  34.1 

35,6 

36.1  0.314  (C.713) 

0.660^  D 

RXYR  (p=C.146) 

(r2=o,039) 

(104) 

(186) 

(Cl) 

EDUC  !P<G.001) 

>18.6  34.4 

35.S 

34.9  0.624  (0.628) 

0.321C 

(77) 

(172) 

(99) 

■'Slope  ir.d  jtojidnrd  eiror  on  bcri 

derlir.c  score 

versus  'og2  <iio-'in. 

of  5i^nif:c.'mce  for  horroijcoeity 

of  slopos  (curreni  dioxin  continuous,  time  cate 

gorized). 

^Tist  of  si^nific.irc 

for  ccuai  :o 

0  tcuTTcnt  dl 

ioxin  continuous,  lime  categorized). 

Note:  Minimil.- 

■  Low  >;0-L'!.35  pT 

n:  MdJiurn; 

>  I '.,65-13.75  ppt;  High:  >45.75 

ppt. 

MaiinxL- 

-Low:  >5-9.0!  ppt; 

.Viedium;  >9.01-33.3  ppt:  High:  >33.3  ppt. 
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TABLE  9-44.  (Continued) 


Analysis  of  Borderline  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Catcffory  n  Mean 


Contrast 


DiiTerenca  of 

Means  (95%  C.I.) _ p-Value 


Background  781 

Unknown  340 

Low  194 

High  184 


All  Categoric 


Unknown  vs.  Background 
Low  vs.  Background 
High  vs.  Background 


(R^.003) 


-2.4  (-4.5,-0.2) 
-O.S  (-3.5, 1.9) 
0.2  (-2.5.2.9) 


j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 


Contrast 


Difference  of  Adj. 
Means  (95%  C.I.) 


o-Value 


Covariate 

Remarks 


Background  775  33.2*"  AU  Categories  0.415’"  DXCAT*EDUC  (p=0.033) 

DRKYR  (p=0.003) 

335  31. 5**  Unknown -/s.  Background  -1.3  (-3. 9,0.4)**  0.110** 

190  32.0**  Low  vs.  Background  -1.2  (-3.9,1.5)**  0.369** 

180  32.7**  High  vs.  Background  -0.6  (-3.3, 2.2)**  0.694“ 


Unknown  335  31. 5** 

Low  190  32.0** 

High  180  32.7** 


(r2=0.027) 


••Categorized  curi'enl  dioxin- by-covariate  interaction  (O.OlcpcO.OS),  adjiHted  mean,  confidence  interval,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note:  Background  (Comparirons):  Cunent  Dioxin  ^10  ppL 

Unknown  (Ranch  Hands):  Current  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  i33  J  ppL 
High  (Ranch  Hards):  Current  Dioxin  >33J  ppt. 


lit  iik 


After  adjusting  for  race,  lifedine  alcohol  history,  and  education,  both  the  minimal  and  the 
maximal  analyses  found  a  nonsignificant  current  dioxin-by-time  interaction  (Table  9-44  [g] 
and  [h]:  p=0.334  and  p=0.'739,  respccdvely).  Tne  associadon  ber.vecn  current  dioxin  and  the 
borderline  score  was  also  nonsignificant  wthin  each  dine  stratum. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
There  was  not  a  significant  overall  difference  in  the  mean  borderline  scores  of  the  four 
current  dioxin  categories  (Table  9-44  [i]:  p=0.170).  However,  the  mean  score  for  the  Ranch 
Hands  in  the  unknown  current  dioxin  category  was  significantly  lower  than  the  mean  score  for 
the  Comparisons  in  the  backgreund  category  (p=0.C33).  The  me^:.  borderline  scores  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  33.3,  31.0,  32.5,  and  33.5. 

In  the  adjusted  analysis,  there  was  a  significant  interacdon  between  categorized  current 
dioxin  and  education  (Table  9-44  [jj;  p-=0.033).  To  investigate  this  interaction,  stratified 
analyses  are  presented  for  each  education  level.  For  the  high  school  educated  panicipants, 
there  was  no  significant  difference  found  among  the  mean  borderline  scores  of  the  four  current 
dioxin  categories  (Appendix  Table  H-1:  p=0.578).  Tne  adjusted  .mean  borderline  scores  for 
the  background,  unknown,  low,  and  high  categories  were  34.3,  36.3,  33.8,  and  33.6.  For  those 
participants  with  a  college  level  educanon,  there  was  .i  significant  difference  found  among  the 
mean  borderline  scores  of  the  four  categories  (p=0.022).  The  mean  score  of  the  unknown 
category  was  found  to  be  significantly  lower  than  die  mean  score  of  diose  in  the  background 
category  (p=0.004). 


After  deletion  of  the  categorized  current  dioxin-by-cducarion  interaction  from  the  model  and 
adjusting  only  for  education  and  lifetime  alcohol  history,  there  were  no  significant  differences 
detected  among  the  mean  borderline  scores  of  the  four  current  dioxin  categories  (Table  9-44  fil- 
p=0.415). 

Paranoid  Score — MCMT 

Model  1:  Ranch  Hands  -  Logg  (Initial  Dioxin) 

Neither  the  unadjusted  minimal  nor  maximal  analysis  detected  a  significant  association 
between  initial  dioxin  and  the  .MCMI  paranoid  score  (Table  9-45  [a]  and  [bj:  p=0.675  and 
p-=0.729,  respectively). 


Tile  results  of  die  adjusted  analyses  were  consistently  nonsignificant  for  the  minimal 
and  maximal  cohons  (Table  9-45  [c]  and  [dj:  p=0.413  and  p=0.960). 


Model  2:  Ranch  Hands  -  Logg  (Cturent  Dioxin)  and  Time 

Li  the  unadjusted  analysis  of  the  MCMI  panuioid  score  under  both  the  minimal  and 
maximal  assumptions,  the  interactions  bcivreen  current  dio-xin  and  time  since  tour  w-^re  not 
significant  (Table  9-45  [e]  and  [f];  p--4).979  .m.d  p=ti.891,  respectively).  The  associations 
between  current  dioxin  and  the  paranoid  score  were  also  nonsi^iticant  v-tithin  each  time 
stratum  for  both  mini.mai  and  maximal  cohorts. 


9-!  87 


TABLE  9-45, 


\ 


i 

y 

S' 


Analysis  of  Paranoid  Score 
(74CMD 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjusted 

Inidal 

Slope 

Assutnodon 

Dioxin 

n 

Mean 

(Std.  Error)^  p-Value 

a)  Minimal 

Low 

129 

51.8 

0.227  (0.539)  0.675 

(n=514) 

Medium 

256 

53.7 

(r2<0.001) 

High 

129 

53.3 

b)  Maximal 

Low 

182 

52.9 

0.139  (G.400)  0.729 

(n=732) 

Medium 

363 

53.1 

(R-<0.001) 

High 

182 

53.2 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slop-e 

Covariate 

Assumntion 

Dioxin  n 

Mean 

(Std.  Eiror)^  i 

i-Valuc  Remarks 

c)  Minimal 

Low  129 

53.8 

0.457  (0.557) 

0.413  RACE  (d=0.080) 

(n=512) 

Medium  254 

55.8 

AGE*4lC  (p-0.045) 

(r2=0.021) 

High  129 

55.8 

d)  Maximal 

Low  1 8 1 

56.S 

-0.021  (0.413) 

0.960  RACE  (p=0.004) 

(n=727) 

Medium  365 

56.0 

EDUC  (p=0.086) 

(R2=0.016) 

High  181 

56.1 

*S!op-t  atr.d  srondard  nrcr  bjied  on  pacinoid  iccre  varus  log-?  dioxin. 

Mots:  idLliiTvAl-Lo’':  32-93  ppt:  Nfidium;  >93-292  ppt;  Hig.b;  >292  ppu 

i3jL.'iil33i--Ui'iv;  23-56.9  ppq  .Mrdii’.n;  >56.9-213  pp:;  H’gh;  >218  ppL 


! 

1 
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TABLE  9-4S.  (Continued) 


Analysis  of  Paranoid  Score 
(MC.AII) 


Ranch  Hands  - 

I-Og2  'Current  Dioxin)  and  Time 

-  Unadjusted 

Mcan/(n) 

Current  Dioxin 

Time 

Slope 

Assu.mption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)^ 

p-Value 

e)  Minimal 

0.979b 

(n=514) 

<18.6 

54.7 

54.3 

54.8 

0.522  (0.876) 

0.551C 

(R^'=0.010) 

(72) 

(128) 

(53) 

>18.6 

49.8 

52.2 

52.S 

0.551  (0.718) 

0.443c 

(56) 

(129) 

(76) 

f;  M.a.fimal 

0.89  lb 

(n=732) 

<18.6 

53.4 

54.2 

55.4 

0.476  (0.620) 

0.443c 

(r2=0.008) 

(105) 

(190) 

(82) 

>18.6 

51.1 

52.0 

52.0 

0.362  (0.548) 

0.509c 

(73) 

(175) 

(102) 

Ranch  Hands 

•  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Mean/(n) 

_ CuTcnt  Diox 

iru 

Time 

Adj.  Slope 

Co  variate 

As-iumpdon 

(Yrs.) 

Low 

Medium 

High  (Std.  Errof)^ 

p-Va!uc 

Remark.? 

g)  Minima] 

O.937I’  RACE  (p=0,056) 

(n=512) 

<13.6 

56.7 

56,4 

57.5  0.S52  (0.50G) 

0.345c  AGE 

*,A!X  (j::x0.C40'l 

(r2=0.033) 

(72) 

(128) 

(53) 

>18.6 

51.7 

54.2 

55.4  0.941  (0.740) 

0.204c 

(56) 

(127) 

(76) 

h)  .Maximal 

0.909t>  race  fp--e0,00'l) 

(n=727) 

<13.6 

57.1 

57.3 

53.4  0.3 

10  (0.634) 

0.626C  EDUC  (p=0,I07) 

fR2e=0.024) 

(105) 

(187) 

(32) 

>18.6 

54.9 

55.1 

54.9  0.2 

14  (0.553) 

0.701C 

(78) 

(174) 

(101) 

md  sujidird  sttot  based  on  pajanoid  score  versos  loe-i  dioxin. 

^est  of  sigioficance  for  homogeneity  of  slopes  (corrent  dioxin  cor.tinoous,  time  categorized). 
‘•Test  of  signific.mce  for  slope  e.qoai  to  0  (current  d.oxin  ccn:i.nuou.s,  :i.me  categorized). 

.Vote:  iJiztrui--Lo''Vt  >10-l-t  65  ppt;  .Medium;  >1^.55-15.75  ppt;  High;  >45,75  ppt. 

iljLiUnji-'Ui'":  >5-5.01  ppt;  .Medium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-45.  (Continued) 


Analysis  of  Paranoid  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Difference  of 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.) 

p-Value 

Brckground 

781 

51.5 

A.11  Categories 

0.191 

Unknown 

52.9 

Unknown  vs.  Background  1.3  (-0.6, 3 .3) 

0.187 

Low 

194 

53.6 

Low  vs.  Background 

2.0  (-0.4.4.5) 

0.104 

High 

184 

53.5 

High  vs.  Background 

2.0  (-0.5,4.5) 

0.118 

Total 

1.499 

(R-=0.C03) 

J)  Ranch  Hands  and  Comparisons  by 

Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mean 

Contrast 

Me.ans  (95%  C.I.)  p- Value 

Remarks 

Background 

715 

53.3 

All  Categories 

0.202 

RACE  (p=.-0.025) 
DRKYR  (p=0.121) 

Unknown 

335 

55.2 

Unknown  vs.  Background  1.9  (-0.1, 3. 9)  0.067 

EDUC  (iJ<0.001) 

Lov/ 

190 

55.1 

Low  vs.  Backgro'jnd 

1.7  (-0.7,4.2)  0.166 

High 

180 

54J 

High  vs.  Background 

1.4  (-1. 2.3.9)  0.284 

Total 

1,480 

(R2x=<).022) 

Note:  Backjrour.d  (Compdrijon^):  Current  Dio:tm  5IO  ppt. 

UrJciio’dOi  (Sanch  Hinds):  Current  Dioxin  <!0  ppt. 

Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  <33 J  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >333  ppt. 
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These  findings  did  not  change  after  adjusting  for  covariate  information  (Table  9-45  [g] 
and  [hj;  p>0.20  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis,  there  were  no  significant  differences  in  the  mean  MCMI 
paranoid  scores  of  the  four  current  dioxin  categories  (Table  9-45  [i]:  p>0.10  for  each 
analysis). 

After  adjusting  for  race,  lifetime  alcohol  history,  and  education,  the  overall  test  of 
differences  among  the  mean  paranoid  scores  of  the  four  current  dioxin  categories  remained 
nonsignificant  (Table  9-45  [j]:  p=0.202).  However,  there  was  a  marginally  significant 
difference  detected  between  the  mean  paranoid  score  of  the  Comparisons  in  the  background 
category  and  the  mean  paranoid  score  of  the  Ranch  Hand.s  in  the  unknown  current  dioxin 
category  (p=0.067).  The  adjusted  mean  paranoid  scores  for  the  background,  unknown,  low, 
and  high  current  dioxin  categories  were  53.3,  55.2,  55.1,  and  54.7. 

Anxiety  Score — MCMI 

Model  1:  Ranch  Hands  -  Logy  (Initial  Dioxin) 

The  unadjusted  analysis  detected  a  significant  positive  association  between  initial 
dio.xin  and  the  MClvH  anxiety  score  for  both  minimal  and  maximal  cohorts  (Table  9-46  [a] 
and  [b]:  p=0.046  and  p<0.001).  The  unadjusted  mean  anxiety  scores  under  the  minimal 
assumption  for  the  low,  m.edium,  and  high  initial  dio.tin  categoires  were  46.8,  47.0  and  49.7. 
Pie  corresponding  mean  scores  for  the  maximal  cohort  were  43.5,  46.6,  and  48.5, 
respectively. 

In  the  adjusted  analysis  performed  under  the  minimal  assumption,  there  was  a 
significant  interaction  between  initial  dioxin  and  race  (Table  9-46  [c]:  p=4).017).  Separate 
analyses  were  penbrmed  for  the  individual  race  strata.  In  the  Black  stratum,  there  was  a 
significant  negative  association  between  initial  dioxin  the  MCMI  anxiety  score  (Appendix 
Table  H-1;  p-=0,043),  and  in  the  non-31ack  stratum,  there  was  a  signirlcant  positive 
association  (p-0.036).  For  the  iow,  medium,  and  high  initial  dioxin  categories  of  the  Black 
stratum,  the  adjusted  mean  anxiety  scores  were  54.0,  54.6,  and  20.7,  respectively.  The 
corresponding  means  for  the  low,  medium,  and  high  initial  dioxin  levels  in  the  non-Black 
stnmm  were  46.0,  45. S,  and  49.5.  After  deletion  of  the  initial  dioxin-by-race  interaction  from 
the  model  and  adjusting  only  for  race  and  education,  die  positive  association  between  i.nitial 
dioxin  and  the  anxiety  score  was  only  marginally  significant  (Table  9-46  [cj:  p=0.091). 

The  adjusted  analysis  also  found  an  initial  dioxin-by-race  interaction  for  the  maximal 
cohon  (fable  9-46  [d]:  p=0.005).  Tnc  stratified  analyses  of  this  interaction  displayed  a 
Significant  negative  association  beowcen  initial  dioxin  and  the  anxiety  score  for  the  Black 
.>rratum  (AppendLx  Table  H-1;  p=0.016)  and  a  significant  positive  as.sociation  for  the  non- 
Black  stratum  (p^O.Cfi?).  The  adjusted  mean  anxiety  scores  for  the  Black  stratum  decreased 
with  increasing  initial  dioxin  le"els  flow,  60.8;  medium.  55.6;  high,  37.7),  while  the  mean 
scores  became  larger  for  increasing  initial  dioxin  for  the  non-Black  stratum  (low,  44.5; 
medium,  45.4;  high,  47.6). 
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TABLE  9-46. 


Analysis  of  Anxiety  Score 

(MCMjO 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  Error)^  p- Value 

a)  Minimal 

Low 

129 

46.8 

1J51  (0.775)  0.046 

(n=514) 

Medium 

256 

47.0 

(R^O.008) 

High 

129 

49.7 

b)  Maximal 

Low 

182 

43.5 

1.943  (0..‘'68)  <0.001 

(n=732; 

Medium 

368 

46,6 

(r2=0.016) 

High 

182 

48.5 

Ranch  Hands  -  Log2 

(Initial  Dioxin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

CovariaU; 

Assumption 

Dioxin  n 

Mean 

(,Std.  Errorja 

p- Value  Remarks 

c)  Minimal 

Low  123 

48.7*'* 

1.337  (0.783)** 

0.091”  INJT*Fo\CE  (p=0.017) 

(n=510) 

Medium  254 

48.5** 

EDUC  (p=0.032) 

(R2=o.027) 

High  128 

51.1** 

d)  Maximal 

Low  181 

„„  INTP'RACE  (p=0.005) 

(n=727) 

Medium  365 

EDUC  (p=0.004) 

(r2=0.043) 

High  181 

mrnmm 

^Slope  and  sundard  enor  baaed  on  aiiaiecy  score  versus  !og2  diosin. 

**Log2  (initial  diotin)-by-cGv3riate  interaction  (0.01<p<0.05);  adjujteri  mean,  adjusted  slope,  standard  error,  and  p- 
value  derived  from  a  mode!  fuutd  .after  deletion  of  this  interaction. 

•***Log2  (initial  dioainj-by-covariate  interaction  (p<0.0l);  adj-jsted  mean,  adjusted  siopa,  standard  error,  and  p  value 
not  presented. 

Note:  52-93  ppt;  Medium;  >93-292  opt;  High;  >292  ppt, 

Maxim il-Low:  25-56.9  ppt;  .Medium;  >55.9-218  ppt;  High:  >213  pp;. 
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TABLE  9-46.  (Continued) 


i 

i 

0 

I 

0 

Q 


0 


L 


1 


Analysis  of  Anxiety  Score 
(MCMI) 


Ranch  Hands  - 

Log2  (Current  Dioxin)  and  Time  - 

Unadjusted 

Mean/(n) 

Ciurent  Dioxin _ 

Time 

Slope 

Assumption 

(Yrs.) 

Low 

Medium  High 

(Std.  Error)^ 

p-Value 

c)  Mi.nimal 

0.1556 

(n=514) 

£18.6 

47.3 

47.5  45.8 

-0.023  (1.2(53) 

0.986= 

(r2=0,010) 

(72) 

(123)  (53) 

>18.6 

45.4 

47.0  52.1 

2.307  (1.036) 

0.026= 

(56) 

(129)  (76) 

f)  Maximal 

0.9176 

(n=732) 

<18.6 

41.0 

45.7  48.8 

1.838  (0.883) 

0.038= 

a?2^0.016) 

(105) 

(190)  (82) 

>18.6 

46.0 

47.1  49.6 

1.716  (0.781) 

0.023= 

(73) 

(175)  (102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

-  .Adjusted 

Adj.  Mean/(n) 

_ Current  Dioxin _ 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

High  (Std.  Error)''* 

p-Value 

Remarks 

g)  Minimal 

0.2026  EDUC  (pn:0.073) 

(n=510) 

<18.6 

47.0 

47.1 

45.1  -0.173  (1.267) 

O-sgi*^ 

(R  2^0.01 5) 

(71) 

(127) 

(53) 

>18,6 

45.5 

46.2 

51.0  1.915  (1.047) 

0.068= 

(56) 

(128) 

(75) 

h)  Maximal 

0.9146  (p=0.CM0) 

(n=727) 

<18.6 

45.3 

48,7 

51.2  1.267  (0.897) 

0.158=  EDUC  (p=0.003) 

(R  2=0.032) 

(105) 

(187) 

(82) 

>18.6 

50.2 

49.8 

51.3  1.141  (0.790) 

0.149= 

(78) 

(174) 

(101) 

^Slope  and  standard  error  based  on  anxiety  score  versus  log2  dioxin. 

^esl  of  significance  for  homogeneity  of  slopes  (current  dioxin  continuous,  time  categorized). 
‘"Test  of  significance  for  slope  equa]  ;o  0  (current  dioxin  continuous,  time  categorized). 

•Note:  Minimaj.-Low:  >10- Id. 55  ppt;  N!edium;  >14.65-15.75  ppt:  High:  >45.75  ppt. 

■Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TAELE  9-46.  (Continued) 


Analysis  of  Anxiety  Score 
(MOVII) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p-Value 

Backgroend 

781 

47.2 

All  Categories 

0.038 

Unknown 

340 

44.1 

Unknown  vs.  Background 

-3.1  (-5.8,-0.4) 

0.023 

Low 

194 

46.4 

Low  vs.  Background 

-0.8  (-4.1. 2.5) 

0.630 

High 

1S4 

49.3 

High  vs.  Background 

2.1  (-I.3,5.5) 

0231 

Total 

1,499 

(r2=o.OC6) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Dioxin 

Category 

n 

Adj. 

Mean 

Contrast 

Difference  of  Adj. 
Means  (95%  C.I.) 

p-Value 

Co  variate 

Remarks 

Background 

776 

i'J.O** 

All  Categories 

0.248** 

DXCAT*RACE  (p=0.0l8: 

AGE’EDUC  (p=0.045) 

Unknown 

338 

45.7»* 

Unknown  vs.  Background 

•2.2  (-4.9.0.5)** 

0.107** 

Low 

192 

46.7** 

Low  vs.  Background 

-1.2  (-4,62.1)” 

0.46 1** 

High 

183 

49.2” 

High  vs.  Background 

1.3  (-2.2,4. 7)” 

0.464** 

Total 

1,489 

(R^O.023) 

•Categorized  cuirent  dioxin-by-covjriate  in'.eractiori  (0.01<;p<0,05):  adjusted  mean,  confidence  intervaJ,  and  p-value 
derived  from  a  model  f.tied  after  deletion  of  du$  interaction. 

Note:  Background  (Comparisons):  Current  Dioxin  <10  ppt. 

Unknown  {Ranch  Hands):  Current  Dioxin  :SlO  ppu 
Low  (Ranch  Hands):  li  ppt  <  Current  Dioxin  ^33.3  ppc 
High  (Ranch  Hands):  Current  Koxin  >33.3  ppt. 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  ajixiery  score  with  current  dioxin  and  time  since 
tour  under  the  minimal  assumption,  the  interaction  between  current  dioxin  and  time  was  not 
significant  (Table  9-46  [e]:  p=0.155).  However,  there  was  a  significant  positive  association 
between  current  dioxin  and  the  anxiety  score  for  Ranch  Htinds  with  time  over  18.6  years 
(p=O.026).  The  unadjusted  mean  anxiety  scores  for  low,  medium,  and  high  current  dioxin 
were  45.4,  47.0,  and  52.1. 

Under  the  maximal  assumption,  the  unadjusted  analysis  also  exhibited  a  nonsignificant 
current  dioxin-by-time  since  tour  interaction  (Table  9-46  [fj:  p=0.917).  For  Ranch  Hands 
with  time  less  than  or  equal  to  18.6  years,  a  significant  positive  association  was  displayed 
between  the  anxiety  score  and  cuirent  dioxin  (p=0.038).  For  these  individuals,  the  mean 
scores  for  low,  medium,  and  high  current  dioxin  were  41.0,  45.7,  and  48.8.  Within  the  time 
greater  than  18.6  years  stratum,  there  was  also  a  significant  positive  association  between 
current  dioxin  and  the  anxiety  score  (p=0.02S).  The  mean  unadjusted  scores  for  this  stratum 
similarly  became  larger  for  Increasing  current  dioxin  (low,  46.0;  medium,  47.1;  high,  49.6). 


After  adjusting  for  education,  the  minimal  analysis  still  displayed  a  nonsieniflcant 
current  dioxin-by-time  since  tour  interaction  (Table  9-46  [gj:  p=0.202).  Wiuhin  the  time 
over  18.6  years  stratum,  the  positive  association  between  current  dioxin  and  the  anxiety 
score  became  only  marginally  significant  (p=0.06S).  The  current  dioxin-by-time  sines  tour 
interaction  also  remained  nonsignificant  for  the  maximal  analysis  after  the  retention  of  race 
and  education  m  the  model  (Table  9-46  [h]:  p=0.914).  The  association  between  current 
dioxin  and  the  anxiety  score  was  no  longer  significant  for  either  time  stratum. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
In  the  unridjusted  analysis  of  categorized  current  dioxin,  there  was  a  significant 
difference  found  among  the  mean  anxiety  scores  of  the  participants  in  the  four  current  dioxin 
categories  (Table  9-46  [i];  p-0.038).  The  unadjusted  mean  scores  for  the  background, 
unknown,  low,  and  high  current  dioxin  categories  were  47.2,  44.1,  46.4,  and  49.3.,  The 
analysis  found  the  mean  anxiety  score  of  Ranch  Hands  in  the  unknown  category  to  be 
significantly  lower  than  the  mean  score  of  Comparisons  in  the  background  category 

mean  anxiety  scores  of  the  low  and  high  current  dioxin  categories  did  not 
differ  significantly  from  the  mean  score  of  those  in  the  background  category  (p=0.630  and 


The  adjusted  anajy.sis  of  the  MCNtl  anxiety  score  revealed  a  significant  interaction 
bet^/een  categorized  current  dioxin  and  race  (Table  9-46  [j];  p=0.018).  After  stratifying  by 
race,  the  adjusted  an.a!viis  for  Black  participants  detected  a  marginaJly  significant  overall 
diffcience  among  the  mean  anxiety  scores  of  the  four  current  dioxin  categories  (Appendix 
Table  H-1:  p=0.066).  Tne  adju.5ted  mean  anxiety  scores  for  the  background,  unknown,  low, 
and  high  categories  were  45.1,  60.7,  54.6,  and  41.7.  The  mean  score  of  the  Ranch  Hands  in 
the  unknown  category  was  significantly  higher  than  the  mean  score  of  the  Comparisons  in  the 
background  c.ategor/  (p=0.02I). 
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The  adjusted  analysis  of  the  non-Black  stratum  also  detected  a  marginally  significant 
difference  among  the  mean  anxiety  scores  of  the  four  current  dioxin  categories  (Appendix 
Table  H-1:  p=0.071).  The  mean  scores  for  the  background,  unknown,  low,  and  high 
categories  were  47.2,  44.2,  45.3,  and  48.7.  In  connast  to  the  analysis  of  the  Black  stratum, 
the  mean  arcciety  score  of  the  unknown  category  was  significantly  lower  than  the  mean  score 
of  the  background  category  in  the  non-Black  stramm  (p=0.032). 

After  deletion  of  the  interaction  from  the  model  and  adjusting  for  race  and  an  age-by- 
education  interaction,  there  were  no  significant  differences  detected  in  tlte  mean  anxiety 
scores  of  the  four  current  dioxin  categories  (Table  9-46  [j]:  p=0.248). 

Somatoform  Score — MCMI 

Model  I:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  based  upon  the  minimal  assumption,  the  association 
between  initial  dioxin  and  the  MCMI  somatofonn  score  was  not  significant  (Table  9-47  [a]; 
p=0.327).  However,  under  the  rraximal  assumption,  there  was  a  significani:  positive 
association  between  initial  dioxin  a.nd  the  somatoform  score  (Table  9-47  [b]:  p=O.033).  The 
unadjusted  mean  scores  for  the  low,  medium,  and  high  initial  dioxin  categories  of  the  maximal 
cohort  were  49.1,  51.2,  and  .51.8.  Consistent  with  the  unadjusted  results,  the  adiusted 
analysis  also  detected  a  nonsignificant  association  between  initial  dioxin  and  the  somatoform 
score  for  the  minimal  cohort  (T'able  9-47  [c]:  p=0.196)  and  a  significant  positive  association 
for  the  maximal  cohon  (Table  9-47  [dj;  p=0.011). 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  both  the  rrinimal  and  the  maximal  assumptions,  the  unadjusted  analysis  of  the 
somatoform  score  exhibited  nonsignificant  ctirrent  dioxin-by-time  since  tour  interactions 
(Table  9-47  [c]  and  [f]:  p=0.683  and  p=0.39*i,  respectively).  However,  for  the  time  less  than 
or  equal  to  18.6  years  straram  of  the  maximal  cohon,  there  was  a  marginally  significant 
positive  association  benveen  current  dioxin  and  the  somatoform  score  (Table  9-47  [f]: 
p=0.055).  For  this  time  stramm,  the  mean  somatofonn  scores  for  low,  medium,  and  high 
cunent  dioxin  were  43.2,  50.0,  53.0. 

In  the  adjusted  analysis  of  the  somatoform  score,  tiie  interaction  of  current  dio.xin  and 
time  since  tour  was  again  nonsignificant  under  the  minimal  assumption  (Table  9-47  [g]: 
p~0.670)  and  the  maximal  assumption  (Table  9-47  [hj:  p=0.436).  Similarly,  after  adjusting 
for  age,  race,  and  lifetime  alcohol  history,  the  time  less  than  or  equal  to  18.6  ye.ars  stratum  of 
the  maxim,!!  cohon  displayed  a  significant  positive  association  between  current  dioxin  and 
the  somatoform  score  (Table  9-47  [hj:  p--=0.030). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
The  unadjusted  anajysis  of  categorized  current  dio.xin  did  not  detect  a  significant  overall 
difference  among  the  .mean  somatoform  scores  of  the  four  current  dioxin  cate'mries  (Table 
9-47  [i]:  p=0.407). 
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TABLE  9-47. 


Analysis  of  Somatcform  Score 
(MCMI) 


Assumption 

Ranch  Hands 

Initial 

Dioxin 

-  Log2  1 

n 

(Initial  Dioxin)  - 

Mean 

Unadjusted 

Slope 

(Std.  E]Tor)3  p-Value 

a)  Minimal 

Low 

129 

51.7 

0.617  (0.629)  0.327 

(n=514) 

Medium 

256 

50.7 

(R2=0.002) 

High 

129 

52.9 

b)  Maxima] 

Low 

182 

49.1 

0.981  (0.460)  0.033 

(n=732) 

Medium 

368 

51.2 

(R2=0.GG6) 

High 

182 

51.8 

Ranch  Hands  -  Log2  (Initial  Dio.xin) 

-  Adjusted 

Lnitial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean 

(Std.  Error)’  p 

i-Value  Remarks 

c)  Minimal 

Low  129 

54.3 

0.811  (0.627) 

0.196  RACE  (p=C;.038) 

(n=509) 

Medium  252 

53.4 

DRKYR  (p=0.C50) 

(R2=0.017) 

High  128 

56.0 

d)  Maximal 

Low  180 

52.5 

1.199  (0.471) 

0.011  AGE  (p=0.123) 

(n=724) 

Medium  365 

54.1 

RACE  (p=0.008) 

(R2=0.022) 

High  179 

55.6 

DRXYR  (p-0.040) 

^SlcFpe  and  sumdard  error  based  on  somatoform  score  versus  logo  diosin. 

Note:  52-93  opt;  Medium;  >93-292  pp't;  High:  >292  ppt. 

MaAi£UL--t-o'v:  25-56.9  ppt;  .Medium:  >56.9-213  p-pt;  High;  >2IS  ppt. 
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TABLE  9-47.  (Continued) 


Analysis  of  Somatoform  Score 
(MCMI) 


Assumption 

Ranch  Hands 

Time 

(Yrs.) 

-  Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Mean/(n) 

_ Current  Dioxin 

Slope 

Low  Medium  High  (Srd.  Error)^ 

p- Value 

c) 

Minimal 

0.683^ 

(n=514) 

<18.6 

513 

51.4 

50.3 

0.374  (1.026) 

0.716C 

(r2=0.(X33) 

(72) 

(128) 

(53) 

>18.6 

51.2 

50.3 

54.0 

0.915  (0.841) 

0.277C 

(56) 

(129) 

(76) 

0 

Maximal 

0.394b 

(n=732) 

<18.6 

43.2 

50.0 

53.0 

1.374  (0.714) 

0.055c 

(r2=0.(X:8) 

(105) 

(190) 

(82) 

>18.6 

5L1 

51.1 

515 

0.560  (0.632) 

0.373c 

(78) 

(175) 

(102) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Me3n/(n) 


Assumption 

Tune 

(Yrs.) 

Low 

Medium 

— 

High 

Adj.  Slope 
(Sid.  Error)^ 

p-Value 

Covariaie 

Remarks 

g) 

Minimal 

0.670b 

RACE  Co=0.041) 

(n=509) 

<18.6 

54.7 

53.8 

53.3 

0.494  (1.019) 

0.62SC 

DRKYR  (p=0.055) 

(r2=0.018) 

(72) 

(127) 

(53) 

>18.6 

54,4 

53.0 

56.9 

1.056  (0.836) 

0.2C7C 

(56) 

(126) 

(75) 

h) 

Maximal 

0.436b 

AGE  (p=0. 134) 

(ne:724) 

518.6 

51.6 

53.3 

56.7 

1.581  (0.726) 

0.03CC 

RACE  (p--^0.008) 

(R2^0.023) 

(104) 

(189) 

(81) 

DRXYR  (p=0,041) 

>18.6 

54.2 

54.0 

56.6 

0.840  (0.645) 

0.193c 

(77) 

(173) 

(ICO) 

*SIopc  and  sundaid  errcr  based  on  somatofonn  jcore  versus  logj  dios.'n. 

^est  of  significance  for  homogeneity  of  slopes  (current  dioxin  continuous,  time  categorized). 
‘Test  of  significance  for  slope  equal  to  0  (current  dioxin  continuous,  time  categorized). 

Note:  .Minimal-Low:  >10-14.65  ppt;  .Medium;  >14.65-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  9-47.  (Continued) 


Analysis  of  Somatoform  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p-Value 

Background 

781 

51.1 

All  Categories 

0.407 

Unknown 

340 

50.2 

Unknown  vs.  Background 

-0.9  (-3.1, 1.4) 

0.445 

Low 

194 

50.1 

Lew  vs.  Background 

-0.9  (-3.7,1.8) 

0.500 

High 

184 

52.7 

High  vs.  Background 

1.6  (-1.2.4.4) 

0,260 

Total 

1.499 

(r2c:0.002) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Adj. 

Mean 

Confrast 

Difference  of  Adj. 
Means  (95%  C.I.) 

p-VaJue 

Covariate 

Remarks 

Background 

775 

52.4'*» 

AJ!  Categories 

O.^S** 

DXCAT*ALC  (p=0.019) 

DXCAT*DRXYR  (pr:0,007) 

Unknown 

335 

51.9** 

Unknown  vs.  Background  -0.5  (-2.7, l.S)** 

0.675** 

RACE  (p=0.113) 

Low 

190 

51.0** 

Low  vs.  Background 

-1.4  (-4.l,l.4^•• 

0.334** 

EDU'^  (prrO.029) 

High 

180 

53.9** 

High  vs.  Background 

1.5  (-1.3.4.4)** 

0.296** 

AGE*DRXYR  (p=0.016) 

Tot.al 

1,480 

(r2=0.024) 

•‘Citdgorizwl  currem  dioxin-by-covariate  interaction  fO.Ol  <p<0.05);  adjusted  mean,  conndence  inicrvaJ,  and  p-value 
derived  from  a  model  fitted  after  deletion  of  this  interaction. 

Note;  Background  (Compariscns):  Ciirrent  Dioxin  <10  ppt. 

Unknown  (Ranch  Hanes):  Current  Dioxin  ^10  ppt. 

Low  (Ranch  H.inds):  15  ppt  <  Curren'  Dioxin  i33.3  ppt. 

High  (Ranch  Hrads):  Current  Dioxin  >33.3  ppt. 


The  adjusted  analysis  detected  significant  interactiens  between  categorized  current 
dioxin  and  current  alcohol  use  and  between  categorized  current  dioxin  and  lifetime  alcohol 
history  (Table  9-47  [j]:  F=^.019  and  p=0.(X)7,  respectively).  To  investigate  these 
interactions.  Appendix  Table  H-1  presents  separate  analyses  for  each  of  four  current  alcohol 
use  and  lifetime  alcohol  history  combination  strata  (i.£.,  drink/'day,  <40  drink -years; 

drink/day,  >40  drink- years;  >1  drink/day,  ^40  drink-years;  >i  drink/day,  and  ^0  drink 
years). 

The  contrasts  of  the  four  current  dioxin  categories  v/cre  not  significant  for  .any  of  the 
stratified  analyses  (Appendix  Table  H-1:  p>0.10  for  each  analysis).  However,  the  adjusted 
mean  somatoform  score  of  the  low  category  was  significantly  lower  than  tiie  mean  of  the 
background  category  (p=0.04^4)  for  participants  who  dranJc  less  titan  or  equal  to  one  dririk  per 
day  but  who  had  more  than  40  drinic-years.  The  contrast  of  the  high  versus  background 
categories  was  also  marginally  significant  for  this  stratum  with  the  mean  of  the  background 
category  again  higher  (p=0.C94).  The  mean  somatoform  scores  for  this  stratum  w'cre  56.0, 
5.5.2,  47.4,  and  49.0  for  tiie  background,  unknown,  low,  and  high  current  dioxin  categories. 


The  analysis  of  the  participants  who  drank  more  than  one  drink  per  day  but  had  40  drink- 
years  or  less  detected  a  nurginally  significant  difference  beween  the  mean  somatoform  score 
of  the  Comparisons  in  the  background  category  and  of  the  Ranch  Hands  in  the  high  category 
(Appendix  Tabic  H-1:  p=0.077).  The  adjusted  mean  somatoform  scores  for  this  stratum 
were  48.3,  53.5,  52.0,  and  58.4  for  the  background,  unknown,  low,  aid  high  current  dioxin 
categories. 

After  deletion  of  the  inteiaction  from  the  model  and  adjusting  only  for  race,  current 
alcohol  use,  education,  and  an  age-by-Iifctimc  alcohol  history  interaction,  there  were  no 
significant  differences  detected  among  the  mean  somatoform  scores  of  the  four  current  dioxin 
categories  (Table  9-47  [j]:  p=0.438). 

H3TJomania  Score — MCMI 

Model  1:  Ranch  Hands  -  Lag2  Dioxin) 

Based  upon  the  minimal  assumption,  the  unadjusted  analysis  detected  a  marginally 
significant  negative  association  between  initial  dioxin  and  the  MCMI  hypomania  score  (Table 
9-48  [a]:  p=0.054).  The  unadjusted  mean  scores  for  the  low.  medium,  and  high  initial  dioxin 
categories  were  21.6,  22.0,  and  17.6.  For  the  maximal  assumpticn,  there  was  a  nonsignificant 
negative  association  bervecn  initial  dio,xin  and  the  hvpomania  score  (Table  9-48  [b]: 
p=0.133). 

Under  the  minimal  assumption,  there  was  a  significant  interaction  bcrx'een  initial  dioxin 
.and  race  (Table  9-48  [cj:  p=0.013).  To  examine  this  interaction.  Blacks  and  non-Biack.s  were 
analyzed  separately.  For  the  Black  stratum,  there  was  a  significant  positive  association 
bet'A'een  initial  dioxin  and  the  hypomania  score  (Appendix  Table  H-1:  p=i0.036);  and  for  the 
non-Black  stratum,  there  was  a  significant  negative  association  (p={),025).  The  adjust.ed 
mean  hypomania  scores  for  the  Black  stratum  were  21.0,  25.S,  and  46.6  for  the  low,  medium, 
and  high  initial  dioxin  categories.  Tne  conesponding  means  for  the  non-Black  stratum  were 
21.7,  22.8,  and  17.2.  .After  deletion  of  the  initial  dioxin- by-race  interaction  from 


TABLE  9-43. 


1 1  W "  I  • 


Analysis  of  Hypomania  Score 
(MCfv'lI) 


Assumption 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

Initial 

Dioxin  n  Mcan^ 

•  Um’djusted 

Slope 

(Std.  EtTor)h  p-Value 

a)  Minimal 

Low 

129 

21.6 

-0.189  (0  097)  0.054 

(n=514) 

Medium 

256 

22.0 

(R2^.007) 

High 

129 

17.6 

b)  Maximal 

Low 

182 

20.7 

-0.108  (0.072)  0.133 

(n=732) 

Medium 

368 

21.8 

(R2=0.003) 

liigh 

132 

19.1 

Ranch  Hands  -  Loga  (Initial  Dioxin^ 

)  -  Adjusted 

Inidai 

Adj.  Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

(Std.  Enor)’’ 

p-Value  Remarks 

c)  Minima.1. 

Low  128 

23.2*-^  -0.186  (0.102)** 

0.069**  IMT*R.\CE  (p=0.013) 

(n=505) 

Medium  250 

24.8** 

DRKYR  (p=0.013) 

(r2=0.052) 

High  127 

19.5** 

EDUC  (p=0.109) 

AGE*RACE  (p=0.013) 

d)  Maximal 

Low  179 

22,0**  -0.090  (0.076)** 

0.236**  LNIT*RACE  (p=0.039) 

fn=719) 

Medium  362 

24.1** 

DRKYR  (p=0.002) 

(r2=--0.045) 

High  178 

21.4** 

EDUC  (p=0.056) 

AGE*RACE  (p=:0.007) 

^Trajuform^d  from  sjquaie  roc:  scale. 

'’Slope  arid  standard  enor  based  on  sC|Uaie  root  hypommia  score  versus  log-  dioxin. 

••Log2  (biitiaJ  d:oxiii)-by -covariate  interaction  (O.OK-p^C’ 05);  arljjsted  nrean,  adjusted  slope,  sianda'd  error,  and  p- 
value  derived  from  a  model  fitted  after  deletion  of  this  interactivm. 

Note:  Minirrial-Lirw:  52-93  rrpt;  .Medium;  >93-292  ppt;  High:  >292  ppL 

.Ml.ximal-Low:  25-5d.9  ppt;  Medium;  >56.9-218  ppt;  High:  >21S  ppt. 


{ 

I 
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T/\BLS  9-43.  (Continued) 


Analysis  of  Hypomania  Score 
(MCMI) 


Ranch  Hands  -  Log2  (Current  Dioxixi)  and  Time  -  Unadjusted 


Assumption 

Time 

(Yrs.) 

Low 

Meaji2/(n) 

_JI).trcyiLiiiaAiiL 

Medium 

Hi^.h 

Slope 

(Std.  ErTor)h 

p-VaJue 

e)  Minimal 

0.674= 

(n=514) 

<18.6 

23.0 

21.4 

19.3 

-0.136  (0.159) 

0.394^ 

(r2=0.008) 

(77) 

(128) 

(53) 

>18.6 

21.0 

21.9 

16.6 

-0.222  (0.130) 

0.089^ 

(56) 

(129) 

(76) 

f)  Maximal 

0.237= 

(n=732) 

<13.6 

20.4 

21.9 

19.1 

-0.017  (0.111) 

0.875‘^ 

(r2:=0.005) 

(105; 

(190) 

(82) 

>18.6 

22.5 

22.0 

17.7 

-0.193  (0.09S) 

0.0504 

(78) 

(175) 

(107) 

Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Mean*/(n) 

Current  Dicxh _ 

Time  Auj.  Slope  Covariaie 


Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)*’ 

p-Value 

Remarks 

g)  Minimal 

0.782= 

AGE  (p=0.06C) 

(n=505) 

<18.6 

27.7 

25.4 

22.5 

-0.182  (0.1 6d) 

0.268'^ 

RACE  (p=0  123) 

(R2=o.034) 

(71) 

(126) 

(53) 

DRKYR  (p=0.0!3) 

>18.6 

24.1 

26.6 

20.0 

-0.239  (0.135) 

0.078'^ 

EDUC  (p=:0.097) 

(56) 

(125) 

(74) 

h)  Ma.ximal 

0.162= 

DRXYR  (p=0.003) 

(n=719) 

<18.6 

21.5 

24.0 

21.5 

0.002  (0.115) 

0.985'^ 

EDUC  (^'=0.0-19) 

(R^O.042) 

(104) 

(IS6) 

(81) 

AGE’RACH  (p=0.029) 

>18.6 

25.9 

2d.3 

19.8 

-0.203  (0.101) 

0.045'* 

(77) 

(172) 

(99) 

^TraniforTTied  from  square  root  scale. 

'’Slope  and  standard  <rror  based  cn  .square  root  hyprjms.nii  score  versus  loge  dioain. 

Test  of  significance  for  hcmogencicy  of  slopes  (current  dioxin  continuous,  time  categorized). 
‘^Test  of  significance  for  slope  equal  io  0  (current  dioxin  ccntinucu.s.  lime  categorized). 

Note:  .Minimal--Lo-*'i  >10-1.1.65  pot;  .Medium;  >1^.65-15.75  opt;  High:  >-15.75  ppt. 

Maximal-Low;  >5-9.01  ppt;  .Medium;  >9.01-33  3  ppt;  High;  >33.3  ppi. 
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TABLE  9-48.  (Continuc-d) 


Analysis  of  Hypornania  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dicxin 

Category 

n 

Mean* 

Contrast 

Differcrtce  of 

Means  (95%  C.I.)«  p-Value^ 

Background 

781 

21.9 

All  Categories 

0.251 

Unknown 

340 

22.4 

Unknown  vs.  Backgro'ind  OJ  -  0.742 

Low 

194 

22.4 

Low  vs.  Background 

0.5  -  0.795 

High 

184 

18.3 

High  vs.  BackpTDund 

-3.5  -  0.071 

Total 

1,499 

CR2=0.0C3) 

• 

j) 

Ra.nch  Hands  and 

Comparisons  by  Current  Dioxin  Category  -  Adjasted 

Cunent 

Dioxin 

Adj. 

Difference  of  Adj.  Covariate 

Category 

n 

Mean 

Contrast  Means  (95%  C.l.)  p-Value  Remarks 

BackgroujyJ 

775 

•••*  All  Categcries 

DXCAT'RACE  (p=0.004) 

AGE  (p=0.048) 

Unknown 

33.5 

•*••  Unkno'wn  vs.  Backpound 

....  ....  dRKYR  (p=0.002) 

Low 

190 

•0*0  Background 

....  ....  (p=0.009) 

"igh 

180 

•“••  High  vs.  Background 

•*«»  *«»« 

Total  1,-180  (r2=0.025) 


*Transfonne<l  fi-om  squ.v:  root  scale. 

'Differcrice  of  n-.eins  after  trcjufotTnaticn  lo  original  scaJe;  confiilecce  intcrvU  on  difference  of  means  not  given 
bec.ause  anajysis  was  performed  o.n  .■iqtiare  root  scaie. 

^P-vafue  is  based  on  diffaence  of  mrarj  on  square  root  scale. 

••••Categorized  current  diozi.n-by-covariate  intcracuon  (p<0.01);  adjusted  .mean,  coraader.ee  interval,  and  p-value  not 
presented. 

Note:  Background  (Coniparisor,s);  Current  Dioain  <10  ppe 

Uninovm  (R.inch  Hands):  Current  Dioxin  ilO  jrpt. 

Low  (?..ir.ch  H.ands):  15  ppt  <  Cunent  Dioxin  zi33.3  ppu 
High  (Ranch  Hands):  Curre.-".t  Dioxin  >33.3  ppt. 


the  model,  there  was  only  a  marginally  significant  negative  association  between  initial  dioxin 
and  the  hypomania  score  (Tabic  9-48  [c]:  p=0.069). 

The  adjusted  analysis  under  the  maximal  assumption  also  detected  a  significant  initial 
dioxin-by-race  interaction  (Table  9-48  [d]:  p=0.039).  This  interaction  was  also  investigated 
by  stratifying  the  Ranch  Hands  by  race,  and  the  results  were  similar  to  these  of  the  minimal 
cohort.  There  was  a  marginally  significant  positive  association  between  initial  dioxin  and  the 
hypomania  score  in  the  Black  stratum  (Appendix  Table  H-1:  p==0.065)  and  a  nonsignificant 
negative  association  in  the  non-Black  stratum  (p=0.135).  The  adjusted  means  for  the  low, 
m^um^  and  high  initial  dioxin  categories  were  20.7,  20.2,  and  49.6  for  the  Black  strauim  and 
19.9,  22.3,  and  18.5  for  the  non-Black  stratum.  After  deletion  of  the  initial  dioxin-by-race 
interaction,  the  association  between  initial  dioxin  and  the  MCMI  hypomania  score  was 
nonsignificant  (I’able  9-48  [d]:  p=OJ236). 


Model  2:  Ranch  Hands  -  LoS2  Dioxin) 

In  the  unadjusted  a.nalysis  of  the  MCMI  hypomania  .score,  the  interaction  of  current 
dioxin  and  rimie  since  tour  was  not  significant  for  either  the  minimal  or-  the  maximal  cohon 
(Table  9-48  [e]  and  [f]:  p-0.674  and  p=0.237).  However,  under  the  minimal  assumption,  the 
negative  association  beween  current  dioxin  and  the  hypomania  score  was  marginally 
significant  for  the  time  greater  than  18.6  years  stramm  (Table  9-48  [ej;  p=0.089).  The 
unadjusted  mean  hypomania  scores  for  this  stratum  were  21.0,  21.9,  and  16.6  for  low, 
medium,  and  high  cunent  dioxin.  Also,  under  the  maxima]  assumption,  there  was  a 
significant  negative  association  between  current  dioxin  and  the  hypomania  score  for  the  time 
over  18.6  years  stratum  (Table  9-48  [H:  p=0.050).  The  unadjusted  mean  hypomania  scores 
for  this  stratum  decreased  steadily  for  increasing  levels  of  current  dioxin  Tow,  22.5;  medium. 
22.0;  high.  17.7). 

After  adjusting  for  covariate  information,  the  current  dioxin-by-time  since  tour 
interaction  remained  nonsignificant  for  both  the  minimal  and  the  maximal  cohort  (Table  9-48 
[g]  and  [hj:  p=0.782  and  p=0.162).  Consistent  with  the  unadjusted  resulLs,  there  was  a 
marginaUy  significant  negative  association  between  current  dioxin  and  the  hypomania  score 
for  the  time  greater  than  18.6  years  stramm  of  the  minimal  cohort  (Table  9-48  [gj;  p=0.078). 
Likewise,  there  was  a  significant  negative  association  for  the  same  time  stratum  under  the 
maximal  assumption  (Table  9-48  [hj:  p=C.045). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
The  unadjusted  analysis  of  categorized  current  dioxin  did  not  detect  a  significant  overall 
(hfference  among  the  mean  hypomania  scores  of  the  four  current  dioxin  categories  (Table  9-48 

[i];  p=0.251).  However,  the  analysis  displayed  a  marginally  significant  difference  between 

the  mean  score  of  the  Comp-arisons  in  the  background  category  and  the  m.ean  score  of  fhe 
Ranch  Hands  in  the  high  category  (p=0.071).  The  unadjusted  mean  h;/pomania  scores  for  the 
background,  unknown,  low,  and  high  categories  were  21.9,  22.4,  22.4,  and  18.3. 

The  adjusted  analysis  detected  a  significant  interaction  between  categorized  current 
dioxin  and  race  (Table  9-48  fjj:  p=0.004).  To  examine  this  interaction,  the  participants  were 
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stratified  by  race  and  analyzed  separately.  For  the  Black  strantm,  the  test  for  overall 
differences  among  the  foiir  mean  hypomania  scores  was  significant  (Appendix  Table  H-1: 
0=0.01';)).  The  adjusted  mean  hypomania  scores  for  the  Black  sm?.tum  were  24,0,  42.1,  16.7, 
and  54.3  for  the  background,  uiLknown,  low,  and  high  current  dioxin  categories.  The  mean 
score  of  the  unknown  category  was  marginally  higher  than  the  mean  score  of  the  background 
category  (p=G.063)  and  the  mean  score  of  the  high  category  was  significantly  higher  than  that 
of  the  background  category  (p=0.015). 

The  adjusted  analysis  of  the  non-31ack  stratum  did  not  detect  a  significant  overall 
difference  among  the  mean  hypomania  scores  of  the  four  current  dioxin  categories  (Appendix 
Tabic  H-1;  p=0.125).  However,  the  mean  hj-pomarJa  score  of  the  high  current  dioxin 
category  was  significantly  lower  than  the  mean  score  of  the  background  category  (p=0.039). 
The  adjusted  mean  hypomania  scores  for  the  background,  unknown,  low,  and  high  current 
dioxin  categories  of  the  non-Black  stratum  were  21.7,  21.6,  23.3,  and  17.5. 

Dysthymia  Score — MCMI 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unedjusted  analysis  of  the  .MCMI  dysthymia  score,  there  was  not  a  significant 
association  with  initial  dioxin  for  the  minimal  assumpdon  (Table  9-49  [a]:  p=0.184).  Based 
cn  the  maximal  assumption,  u.eic  was  a  significant  positive  association  between  initial 
dioxin  and  the  dysthymia  score  (Table  9-49  [b]:  p--=0.031).  The  unadjusted  mean  dysthymia 
scores  for  die  low,  medium,  and  high  initial  dioxin  categories  of  the  maximal  cohort  were  48  0, 
48.8,  and  51.6. 


The  adjusted  analysis  of  the  dysthymia  score  detected  significant  initial  dioxin-by-race 
interactions  for  both  the  minimal  and  ma.ximal  cohons  (Table  9-49  [c]  and  [d]:  p=0.002  and 
p=0.008).  Separate  analyses  were  performed  for  Black  and  non-Black  participants 
(Appendix  Table  H-1).  Tne  stratified  analysis  of  the  minimal  cohort  displayed  a  significant 
negative  association  betv/een  the  dysthymia  score  and  initial  dioxin  in  the  Black  stratum 
(p=0.006)  and  a  marginally  significant  positive  association  for  the  non-Black  stratum 
(p=0.061).  The  adjusted  mean  dysthymia  scores  for  the  Black  stratum  were  nearly  the  same 
for  the  low  and  medium  initial  dioxin  categories  and  decreased  for  the  high  category  (low, 
55.2;  medium,  52.1;  high,  21.3).  In  contn-st,  the  adjusted  mean  dysthymia  scores  for  the 'non- 
Black  stratum  were  again  nearly  the  same  for  the  low  and  medium  categories  but  increased 
for  the  high  category  (low,  49.3;  medium,  49.3;  high,  52.9). 


Similarly,  for  the  maximal  assumption,  there  was  a  significant  negative  association 
between  initial  dioxin  and  the  dysthymia  score  for  the  Black  stratum  (Appendix  Table  PM; 
p=0.024)  and  a  significant  positive  association  for  the  non-Black  stratum  (p=0.010).  The 
adjusted  mean  dysthyma  scores  for  the  low,  medium,  at:d  high  initial  dio.xin  categoLres  of  the 
Black  stramm  were  45.0,  55.3,  and  34.9.  The  corresponding  mean  scores  for  the  non-Bla^’k 
stramm  were  43.0,  48.3,  and  52.3. 
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TABLE  9^9. 


Analysis  of  Dysthymia  Score 
(MCMI) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  Enxjr)^  p- Value 

a)  Minimal 

Low 

129 

50.3 

1.052  (0.791)  0.184 

(n=514) 

Medium 

256 

49.5 

(R2=0.003) 

Higii 

129 

52.1 

b)  Maximal 

Low 

182 

48.0 

1.293  (0.597)  0.031 

(n=732) 

Medium 

368 

48.8 

(R2=0.006) 

High 

182 

51.6 

Ranch  Hands  •  Log2 

(Initial  Dioxin)  - 

■  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean 

(Std.  E:ror)  p 

-Value  Remarks 

c)  Minimal 

Low  129 

***’*■  INTT*RACE  (p=0.002) 

(n=514) 

Medium  256 

(R2=0.022) 

High  129 

d)  Maximal 

Low  182 

**** 

****  INIT^RACE  (p=O.008) 

(n=732) 

Medium  368 

(R2ee0.016) 

High  182 

“Slope  and  stindord  e.Tor  ba'ed  on  dysthymia  score  versus  log2  dioxin. 

••**Log2  (Initial  diox!n)-by.coviiriate  interaction  (p<0.01);  adjusted  mean,  adjusted  slope,  standard  error,  and  p-value 
not  presented. 

Note;  ML’Xima.i-I.ow;  52-93  ppt;  .Medium;  >93-292  ppq  High:  >292  ppt, 

Maximal-Low:  23-56.9  ppq  .Medium;  >36.9-218  ppq  High;  >213  ppq 


9-2C6 


TABLE  9-49.  (Continued) 

Analysis  of  Dysthymia  Score 
(MCMI) 


Ranch  Hands  - 

Log2  (Currant  Dioxin)  and  Time  - 

Unadjusted 

Mean/(n) 

Current  Dioxin 

Time 

Slope 

Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  ErTOr)a 

p-Valuc 

e) 

Minimal 

0J76b 

(n=514) 

<18.6 

49.3 

49.5 

48.5 

0.328  (1.290) 

0.799c 

(r2=0.(X)5) 

(72) 

(128) 

(53) 

>18.6 

50.7 

50.5 

53.5 

1.262  (1.058) 

0.233c 

(56) 

(129) 

(76) 

0 

Maximal 

0.616'’ 

(n=732) 

<18.6 

48.0 

47.5 

50.7 

0.886  (0.927) 

0.340C 

(r2=0.008) 

(105) 

(190) 

(82) 

>18.6 

47.3 

50.7 

52.1 

1.507  (0.320) 

0.067C 

(78) 

(175) 

(102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

-  Adjusted 

Adj.  Mean/(n) 

Current  Diu.xin 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

Hisjh 

(Std.  Error)* 

p-Value 

Remarks 

g) 

Minimal 

0.576'’ 

(n:s514) 

<13.6 

49.3 

49.5 

48.-5 

0.328  (1.290) 

0.799= 

CR  2=0.005) 

(72) 

(128) 

(53) 

>18.6 

50.7 

50.5 

53.5 

1J262  (1.058) 

0.233= 

(56) 

(129) 

(76) 

h) 

Maximal 

0.616'> 

(n=732) 

<18.6 

48.0 

47.5 

50.7 

0.886  (0.927) 

0.340= 

CR2=o.C08) 

(105) 

(190) 

(32) 

>18.6 

47.3 

50.7 

52.1 

1_507  (0.820) 

0.067= 

(78) 

(175) 

(102) 

^SIopc  and  standard  error  ba^ed  dysthymia  score  versus  log2  dioxin. 

^est  of  sigruficn.ncs  for  homogeneity  of  slopes  (current  dioxin  continuous,  time  categorized;. 
‘Test  of  siznincance  for  slope  equ.al  lo  0  (currerU  dioxin  continuous,  time  categorized). 

Note:  , Minimal-Low:  >10-14. £5  ppt;  .Medium;  >14.65-i5.75  ppt:  High:  >45.75  ppt. 

.Maximal-Low:  >5-9.01  ppt;  .Medium:  >9.01-33.3  ppt;  High;  >33.3  ppt. 


TABLE  9-49.  (Conti.nued) 


Analysis  of  Dysliiymia  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p-Value 

Background 

781 

49.7 

All  Categories 

0.159 

Unknown 

340 

47.1 

Unknown  vs,  Bxkground 

-2.5  (-5.4,0.3) 

0.078 

Low 

194 

49.4 

Low  vs.  Background 

-0.3  (-3.8J.2) 

0.886 

High 

184 

51.5 

High  vs.  Background 

1.8  (-1.8,5.4) 

0.329 

Total 

1,499 

(r2=0.003) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Adjusted 


Current 

Dioxin 

Category 

n 

Adj. 

Mean  Contrast 

Difference  of  .Adj. 
Means  (95%  C.I.) 

p-Value 

Covariate 

Remarks 

Background 

776 

49.4**  AH  Categories 

0.450** 

DXCAT*RACE  (p=0.042) 

ALC  (p=0.144) 

Unknown 

336 

47.5**  Unknown  vs.  Background  -1.9  (-4.8, 1.0)** 

0.191** 

EDUC  (p=0.031) 

Low 

190 

48.7**  Low  vs.  Backgroiind 

-0.7  (-4.2J2.8)** 

0.699** 

High 

183 

50.5**  High  vs.  Background 

l.l  (-2.5.4.8)*" 

0.535** 

Total 

1.485 

(R  2=0.013) 

••Cawgorizfid  curTEnt  dioxin-by-covariaw  tnieriction  (0.01<p<0.05);  idjustid  mean,  confidence  interva],  and  p-valiie 
derived  from  a  model  fitted  after  deletion  of  thia  intersetion. 

Note:  Background  (Comparisena):  Current  Dioxin  ^10  ppt. 

Unknown  (Ranch  Handa):  Current  Dioxin  ilO  ppt. 

Low  fRanck  Hands);  15  ppt  <  Current  Dioxin  ^33  ppt. 

High  (Ranch  Han-ds):  Current  Dioxin  >333  ppc 


Model  2:  Raich  Hands  -  Log2  (Current  Dioxin)  and  Time 

Under  the  minimal  assumption,  the  unadjusted  analysis  of  the  MCMI  dysthymia  score 
contained  a  nonsignificant  interaction  beuveen  current  dictin  and  time  since  tour  (Table  9-49 
[c]:  p=:0.576).  Under  the  maximal  assumption,  the  unadjusted  analysis  also  displayed  a 
nonsignificant  current  dioxin-by-time  interaction  (Table  9-49  [fj:  p=0.616).  However,  for 
Ranch  Hands  in  the  time  greater  than  18.6  years  stramm  of  the  maximal  cohort,  there  was  a 
marginally  significant  positive  association  between  current  dioxin  and  the  dysthymia  score 
(p=0.067).  For  this  time  strata,  the  unadjusted  mean  dysthymia  scores  for  low,  medium,  and 
high  current  dioxin  were  47.3,  50.7,  and  52.1. 

None  of  the  candidate  covariates  v-'as  retained  in  the  adjusted  model  for  cither  the 
minimal  or  the  maximal  cohort;  thus,  the  adjusted  results  (Table  9-49  [g]  and  [h])  are 
identical  to  the  unadjusted  results. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 
The  unadjusted  analysis  of  categorized  current  dioxin  did  not  detect  an  overall 
significant  difference  among  the  mean  dysthymia  scores  of  the  four  current  dioxin  categories 
(Tabic  9-49  [i];  p=0.159).  However,  there  was  a  marginally  signmcant  difference  between 
the  mean  score  of  the  Comparisons  in  the  background  category  and  the  mean  score  of  the 
Ranch  Hands  in  the  urtbiown  categoiy  (p=0.073).  The  unadjusted  mean  dysthymia  scores  for 
the  background,  unknown,  low,  and  high  current  dioxin  categories  were  49.7,  47.1,  49.4,  and 


In  the  adjusted  analysis,  there  was  a  significant  interaction  between  categorized  current 
dioxin  and  race  (Table  9-49  [j]:  p=0.042).  After  stratifying  the  participants  by  race,  the 
adjusted  analysis  displayed  a  marginally  significant  overall  difference  among  the  mean 
dysthymia  scores  for  the  Black  stratum  (Appendix  Table  H-1:  p=O.097).  Specifically,  the 
mean  score  of  the  Ranch  Hands  in  the  high  category  was  marginally  lower  than  the  m.ean 
score  of  the  Comparisons  in  the  background  category  (p=0.085).  In  the  non-Black  stratum, 
the  analysis  did  not  detect  a  significant  difference  among  the  mean  dysthymia  scores  of  the 
four  current  dioxin  categories  (p=0.211).  In  the  Black  stratum,  the  mean  score  for  the  high 
current  dioxin  category  was  much  lower  than  the  mean  scores  of  the  other  tluee  categories 
(background,  48.1;  unlmo’wn,  55.2;  low,  56.8;  high,  33.4).  Contrastingly,  for  the  non-B”lack 
strarnm,  the  mean  score  of  the  high  category  was  higher  than  the  mean  scores  of  the  other 
three  categories  (background,  49.7;  unknown,  47.4;  low,  48.4;  high,  51.5). 

_  After  dektion  of  the  categorized  current  dioxin-by-racc  interaction  from  the  model,  no 
significant  differences  were  found  among  the  mean  dysthymia  scores  of  the  four  current  dioxin 
categories  (Table  9-49  [jj:  p=0.450). 
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Alcohol  Abuse  Score — MCMI 

Model  1:  Ranch  Hands  •  L022  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  the  MCMI  alcohol  abuse  score,  there  was  no  significant 
associadon  with  initial  dioxin  under  either  the  minimal  or  the  maximal  assumption  (Table 
9-50  [a]  and  [b]:  p=0.781  and  p=0.588). 

The  adjusted  analysis  also  exhibited  nonsignificant  associations  between  initial  dioxin 
and  the  alcohol  abuse  score  for  both  the  minimal  and  maximal  cohorts  (Table  9-50  [cj  and 
[d]:  p=0.921  and  p=0.440,  resptxtivciy). 


Model  2:  Ranch  Hands  -  L0S2  (Current  Dioxin)  and  Time 

In  both  the  unadjusted  and  adjusted  minimal  and  maximal  analyses,  the  current  dioxin- 
by-time  since  tour  interactions  and  the  associations  between  current  dioxin  and  the  MCMI 
alcohol  abuse  score  withLn  each  time  stratum  were  nonsignificant  (Table  9-50  [e-hj:  p>0.15 
for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  analysis  dJd  not  detect  a  significant  difference  among  the  mean  alcohol 
abuse  scores  of  the  four  current  dioxin  categories  (Table  9-50  [ij;  p=0.898). 

The  adjusted  analysis  displayed  a  significant  interaction  beoween  categorized  current 
dioxin  and  race  (Table  9-50  [j]:  p=0.0C4).  To  examine  this  interaction,  tire  participants  were 
stratiried  by  race  and  analyzed  separately  (Appendix  Table  H-1).  In  the  Black  stratum,  there 
was  a  significant  difference  among  tlie  mean  alcohol  abuse  scores  of  the  four  current  dioxin 
categories  (Appendix  Table  H-1:  p=0.010).  Specifically,  the  mean  scores  of  the  unknown 
and  high  current  dioxin  categories  were  signiiicanuy  higher  than  the  mean  score  of  the 
background  category  (p=0.Cf)3  and  p=0.0I2,  respectively).  T  mean  alcohol  abuse  score  of 
the  background  category  was  the  lowest  of  the  fom  categorit,  uckground,  30.1;  anxnov/n 
44.2;  low,  36.7;  high,  45.9). 

In  the  non-Black  stratum,  the  mean  alcohol  abuse  scores  of  the  four  current  dioxin 
categories  were  not  significantly  different  (p=0.458).  In  tins  stratum,  the  mean  score  of  the 
background  category  v/as  the  highest  of  the  four  categories  (background,  31.4;  unknown  30  5- 
low,  30.5;  high,  29.4).  ’  '  ’ 

Drug  Abuse  Score — MCMI 

Model  1:  Ranch  Hands  -  L-og2  (Inidal  Dioxin) 

In  both  the  unadjusted  and  die  adjusted  minimal  and  maximal  analyses,  the 
associ<itions  between  initial  dioxin  and  the  MOvII  drug  abuse  score  were  nonsigTiifi''ant 
(Tabic  9-51  [a-d]:  p>0.35). 


9-210 


TABLE  9-50. 


Analysis  cf  Alcohol  Abuse  Score 
(MOVO) 


Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Unadjusted 


As.’^umption 

Initial 

Dioxin 

n 

Mean 

Slope 

(Sid.  Error)3 

1 

p-Value  [ 

a)  Minimal 

Low 

129 

31.1 

0.171  (0.615) 

0.781 

(r.-514) 

Medium 

256 

30.6 

[ 

(R?<0.(X)1) 

High 

129 

31.6 

b;  .vlaximal 

Low 

182 

30.5 

0.244  (0.451) 

0.588  i 

(n=732) 

Medium 

368 

30.6 

f 

{■ 

t'R2<U.001) 

High 

182 

31.5 

( 

i„ 

1 

Ranch  Hands  - 

Log2 

(Initial  Dioxin) 

-  Adjusted 

r 

Assumotion 

Initial 

Dioxin 

n 

Adj. 

Mean 

Adj.  Slope 

(Std.  Error)'^  p-Value 

Covariate 

Remarks 

c)  Minimal 

Low 

128 

35.2 

-0.061  (0.615)  0.921 

RACE  (p=0.002) 

(n=510) 

Medium 

254 

34.3 

EDUC  (p=0.005) 

(R2=0.036) 

High 

128 

35.2 

d)  Maximal 

Low 

131 

36.8 

-0.357  (0.461)  0.440 

RACE  (p<0.001) 

(n=727) 

Medium 

365 

35.0 

EDUC  (p<0.001) 

(R2=0.045) 

High 

181 

35.3 

“Slope  and  standard 

errcT  based  op 

alcohol  ab>jse  score 

versus  Iog2  dioxin. 

Note:  Minimal- -Low:  52-93  ppt:  Medium;  >93-292  ppt;  High:  >292  ppt.  | 

Maaiimel-Lovv:  25-56.9  ppt;  Medium:  >56.9-2:3  ppt;  High;  >213  ppt.  I 
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TABLE  9-50.  (Continued) 


Analysis  of  Alcohol  Abuse 
(MCMI) 


Assumption 

Ranch  Hands  - 

Unic 

fYrs.) 

Log2  (Current  Dioxin)  and  Time  -  Unadjusted 

Mean/(n) 

_ Cmrcnt  PlQi^ia _ 

Slope 

Low  Medium  High  (Std.  Error)^ 

p-VaJue 

e)  Minimal 

0.325b 

(n=514) 

:Sl8.6 

32,5 

30.2 

29.8  -0.668  (1.003) 

0.506= 

(r2=0.002) 

(72) 

(128) 

(53) 

>18.6 

29.4 

31.0 

33.1  0.609  (0.822) 

0.d59= 

(56) 

(129) 

(76) 

f)  Maximal 

0  384b 

(n=732) 

<18.6 

30.8 

30.8 

29.8  -0.230  (0.700) 

0.742= 

(r2=0.002) 

(105) 

(190) 

(82) 

>18.6 

29.0 

31.5 

310  0J;83  (0.619) 

0.347= 

(78) 

(175) 

(102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time  -  Adjusted 

Adj.  Mean/(n) 

Current  Dioxin 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)^  p- Value 

Remarks 

g)  Minimal 

0.455t>  RACE  (p=0.CO2) 

(n=510) 

<18.6 

36.4 

33.8 

33.7 

-0.727  (0.992)  0.464C  EDUC  (p=0.004) 

(r2=0.037) 

(7i) 

(127) 

(53) 

>18.6 

33.5 

34.5 

36.3 

0.228  (0.819)  0.78 

(56) 

(128) 

(75) 

h)  Maximal 

0.384b  AGE  (p=0.I46) 

(n=727) 

<18.6 

36.4 

35.0 

32.9 

-1.011  (0.714)  0.157<=  RACE  (p<0.0Cl) 

(R^O.049) 

(105) 

(187) 

(82) 

EDUC  (p<0.001) 

>18.6 

35.0 

36.0 

34.6 

-0.213  (0.630)  0.736= 

(78) 

(174) 

(lOi) 

*S1opj  and  standard  crixrr  based  rjTi  a'.cohoi  abuse  score  versus  logn  dioxin. 

»r  est  of  significance  for  hontogeneity  of  slopes  (current  dioxin  continuous,  time  categorized), 
^est  of  significance  for  slope  equal  to  0  (current  dioxin  continuous,  time  categorized). 

Note:  Minimal-Low:  >10-14.65  ppt;  Medium;  >14,6.5-45.75  ppt;  High:  >45.75  ppt. 

Maximal-Low:  >5-9.01  ppt;  Medium:  >9.01-33J  pp;;  High;  >33.3  ppt. 
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TABLE  9-50.  (Continued) 


Analysis  of  Alcohol  Abuse  Score 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p-Valiie 

Background 

781 

31.3 

All  Categories 

0.898 

Unknown 

340 

30.5 

Unknown  vs.  Background 

-0.8  (-3.0,1. 3) 

0.443 

Low 

194 

31.0 

Low  vs.  Background 

-0.3  (-2.9,2.3) 

0.810 

High 

184 

31.0 

High  vs.  Background 

-0.3  (-3.0,2.4) 

0.811 

Total 

1,499 

(r2<0.001) 

j)  Ranch  Hands  -nd  Comparisons  by  Current  Dioxin  Category  ■  Adjusted 


Current 

Dioxin 

Category 

n 

Adj. 

Mean 

Contrast 

Difference  of  Adj. 
Means  (95%  C.I.) 

p- Value 

Covariate 

Rem^irJcs 

Background 

776 

All  Categories 

DXC.AT’RACE  (p=0.C04) 

EDUC  (p<0.001) 

UnLnown 

338 

Unknown  vs.  Background 

Low 

192 

Low  v5.  Background 

»•*« 

•  **« 

High 

183 

»««« 

High  vs.  Background 

**«« 

Total 

1,489 

(R^O.023) 

•"■’•Citegorirjtd  cuirenl  dioxin-by-covaiiata  interacuon  (p<0.01);  ttdjua'.ed  mean,  coniidence  inrerval,  and  p-valup  not 
presented. 

Note;  Background  (Comparisons):  Current  Dioxin  ilO  pet. 

UnicnosvTi  (Ranch  Hands):  Current  Dioxin  ^10  ppL 
Low  (Ranch  Hands):  15  ppt  <  Current  Dioxin  £33.3  ppe 
High  (Ranch  Hands):  Currait  Dioxin  >333  ppt. 
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TABLE  9-51. 


Analysis  of  Drug  Abuse  Score 
(MCMI) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean 

(Std.  Error)^  p- Value 

a)  Minimal 

Low 

129 

46.4 

-0.501  (0.734)  0.495 

(n=514) 

Medium 

256 

49.4 

(R2<0.001) 

High 

129 

46.0 

b)  Maximal 

Low 

182 

45.6 

0.151  (0.549)  0.783 

(n=732) 

Medium 

368 

48.1 

(R2<0.001) 

High 

182 

47.2 

Ranch  Hands  -  Log2  (Initial  Dio.xin) 

-  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariate 

Assumption 

Dioxin  n 

Mean 

(Std.  Error)^  t 

)-Valuc  Remarks 

c)  Minimal 

Low  129 

51.7 

-0.670  (0.752) 

0.373  AGE  (p=K).080) 

(n=509) 

Medium  252 

54.9 

RACE  (p-0.001) 

(R2=0.045) 

High  128 

51.4 

DRKYR  (p=0.003) 

d)  Maximal 

Low  180 

51.7 

-0.220  (0.555) 

0.692  AGE(p=0.011) 

(n=724) 

Medium  365 

53.6 

R.ACE  (p <0.001) 

(r2=o.044) 

High  179 

51.9 

DRKYR  (p<0.noi) 

*S;opc  md  sundJTd  eirnr  baled  on  drjg  abuse  score  vcmis  logo  rfioxin. 

Note;  Minim al-Lcv:  52-93  ppt;  Medium;  >93-292  poq  Hig*i:  >292  pp'_ 

Ma.rirr,?l-Low:  25-56.9  ppq  .Vlediitm:  >56.9-213  ppq  Hig.b;  >218  ppL 


TABLE  9-51.  (Continued) 


Analysis  of  Drug  Abuse  Score 
(MCMT) 


Ranch  Hands • 

'  ^<^82  (Current  Dioxin)  and  Time  - 

Unadjusted 

Mean/(n) 

—C'd/Hrit.  Dioxia _ 

Time 

Slope 

Assumption  (Yrs.l 

Low 

Medium 

High 

(Std.  Error)^ 

p-Value 

e)  Minima! 

C247I5 

(n=5I4)  <13.6 

48.2 

50.9 

49.0 

0.963  (1.191) 

0.419= 

(R^O.012) 

(72) 

(128) 

(53) 

>18.6 

45.4 

47.4 

43.9 

-0.823  (0.976) 

0.399= 

(56) 

(129) 

(76) 

f)  Maximal 

O.204I’ 

(n=732)  <18.6 

45.9 

49.6 

50.3 

1.274  (0.850) 

0.134= 

(r2=0.009) 

(105) 

(190) 

(82) 

>18.6 

42.9 

47.3 

45.1 

-0.169  (0.752) 

0.822= 

(78) 

(175) 

(102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

-  Adjusted 

■ 

Adj.  Mean/(n) 

_ Current  Dio; 

3Jdl _ 

Time 

Adj.  Slope 

Covariaie 

Assumption  fYrs)  Low 

'/fediam 

High 

(Std.  EiTor)4 

p- Value 

Rem;irlcs 

g)  Minimal 

0.22315  RACE  (p<0.001) 

(n=509)  <18.6  53.3 

57.0 

55.7 

1.261  (1.176) 

02’84C  DRKyR  (p=0.003) 

CR2=0.053)  (72) 

(127) 

(53) 

>18.6  49,9 

52.9 

50.0 

-0.590  (0.965) 

0.54  ic 

(56) 

(126) 

(75) 

h)  .Maximal 

0.16C-1’  AGE  (p=0.C40) 

(n=^724)  <.’8.6  51.9 

55.1 

55.4 

0.963  (0.3 “M) 

0.260^  race  (p<0.001) 

(R^0.G51)  (104) 

(189) 

(81) 

ORKTO  (p<0.001) 

>18.6  50.1 

52.3 

49.7  -0.607  (0.758) 

0.424= 

(77) 

(173) 

(ICO) 

^Slope  iT.d  sur.dsrd  error  based  on  drjg 

ibiLse  score 

versus  log-*  djoxm. 

of  for  horiio^cTciry  of  slor-es  ’:cll: 

rrcT.i  uioxm  com 

lIhuous,  time  ca:j 

gonzed). 

‘’les?  of  si^nificrTce  for  slope  cc'jzl  :o 

0  (current  dioxin  ccnti.nunus. 

time  cateccr.zcd'). 

yiir.'jri.H--Low;  >i0-!d.65  ppq  .Medium; 

>14.55-45.75  ppt;  High:  >45.75 

ppt. 

■M  irimal-Low;  >5-9.0!  ppa 

•Medium:  >9.01-33.3  ppt;  H 

ig.n;  >33.3  ppt. 
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TABLE  9-51.  (Continued) 


Analysis  of  Drug  Abuse  Score 
(MG^ 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 


Dioxin 

Differcncs 

of 

Category 

n 

Mean 

Contrast 

Means  (95% 

CL) 

p-Valus 

Background 

781 

48.2 

All  Categories 

0.746 

Unknown 

340 

47.2 

Unknown  vs.  Background  -1.0  (-3.5, 1.5) 

0.429 

Low 

194 

48.9 

Low  vs.  Background 

0.7  (-2.4, 3.8) 

0.659 

High 

184 

47.4 

High  vs.  Background 

-0.8  (-4.0,2.4) 

0.619 

Total 

1,499 

(r2=0.001) 

j)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  • 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.) 

p-Value 

Remarks 

Background 

780 

51.7 

All  Categories 

0.769 

AGE  (p=0.023) 
RACE  (p<0.001) 

Unknown 

337 

51.3 

Unknown  vs.  Background 

-0.4  (-2.9, 2.1) 

0.761 

DRKYR  (p<0,00l) 

Low 

192 

52.6 

Low  vs.  Backgicund 

0.9  (-2. 1.4.0) 

0.552 

High 

181 

50.5 

High  vs.  Background 

-1.1  (-4.3Z1) 

0.486 

Total 

1,490 

(r2x=0.023) 

T 


Note;  Bacicgrouiid  {Comparisons):  Current  Dioxin  ppt- 
Unknown  (Ranch  Hands):  Current  Dioxin  jjlO  pot. 

Low  (Ranch  Hands);  15  p\'l  <  Current  Dioxin  s^3.3  ppL 
High  (Ra-nch  Hands):  Current  Dioxin  >33.3  ppt. 
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Model  2:  Ranch  Hands  -  Log2  (CurrcrU  Dioxin)  and  Time 

The  unadjusted  analysis  of  the  MCMI  drug  abuse  score  did  not  detect  a  significant 
current  dioxin-by-time  since  tour  interaction  in  cither  the  minimal  or  the  maximal  analysis 
(Table  9-51  [e]  and  [f]:  p=0.247  and  p=0.2G4).  The  association  between  current  dioxin  and 
the  dnig  abuse  score  was  also  nonsignificant  within  each  time  stratum  under  both  minimal 
and  maximal  assumptions. 

The  adjustment  for  covariate  information  did  not  change  the  lack  of  significance.,of  the 
unadjusted  results  (Table  9-51  [g]  and  [hj:  p>0.15  for  each  analysis). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

Neither  the  unadjusted  nor  the  adjusted  analysis  of  categorized  current  dioxin  detected 
a  significant  difference  among  the  mean  drug  abuse  scores  of  the  four  current  dioxin 
categories  (Table  9-51  [i]  and  [j]:  p=0.746  and  p=0.769,  respectively). 

Psychotic  Thinking  Score — MC.MI 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  the  MCMI  psychotic  thinlting  score,  there  were  significant 
positive  associations  with  initial  dioxin  under  both  the  minimal  and  the  maximal  assumptions 
(Table  9-52  [a]  and  [bj:  p<0.C01  for  both  analyses).  Based  on  the  minimal  assumption,  the 
mean  psychotic  thinking  scores  for  Ranch  Hands  in  the  low,  medium,  and  high  initial  dioxin 
categories  were  28.1,  32.9,  and  36.5.  The  corresponding  means  under  die  maximal 
assumption  were  30.6,  30.3,  and  36.1,  respectively. 

The  adjusted  analysis  also  found  significant  positive  associations  between  initial  dioxin 
and  the  MCMI  psychotic  thinking  score  for  both  the  minimal  and  the  maximal  cohorts  (Table 
9-52  [c]  and  [d]:  p=0.001  anti  p=0.021). 


Model  2:  Ranch  Hands  •  Ijtgg  (Current  Dioxin)  and  Time 

The  unadjusted  3nalysi.s  of  the  psychotic  thinking  score  detected  marginally  significant 
interactions  between  current  dioxin  and  time  since  tour  under  both  the  minimal  and  the 
maximal  assumptions  (Table  9-52  [e]  and  [f]:  p^.059  and  p-.^.083).  Also,  under  both 
assumptions,  there  were  signifc.ant  positive  as.sociations  berveen  current  dioxin  and  the 
psychotic  thinking  score  for  Ranch  Hands  with  more  uhan  18.6  years  since  the  end  of  their 
tour  (Tabic  9-52  [e]  and  [f];  p<0.C'01  for  both  analyses).  The  mean  psychotic  thin.king 
scores  of  Ranch  Hands  having  greater  than  IS. 6  years  since  tour  for  low,  medium,  and  high 
current  dioxin  were  25.6,  22.5,  and  38.5  under  the  minimal  a.ssumption  and  27.6,  30.4,  and 
37.4,  respectively,  under  the  maximal  3.ssumption. 

Tne  adjustment  for  race  and  education  had  very  littic  effect  on  the  results  of  the  analysis 
of  the  psychotic  thinking  score  with  current  dioxin  and  time  since  tour.  Under  both  the 
mini.mal  and  the  maximal  assumptions,  there  we.-e  marginally  significant  current  dioxin-bv- 
time  since  tour  interactions  (Table  9-52  [g]  and  [hj:  p^O.OVd  and  p--fl.057).  Also,  for  Ranch 
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TABLE  9-52. 

Analysis  of  Psychotic  Thinking  Score 
(MGVn) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  - 

Unadjusted 

Initial 

Slope 

Assumotion 

Dioxin 

n 

Mean 

(Std.  Error)^  p-Value 

a)  Minimal 

Low 

129 

28.1 

2.866  (0.725)  <0.001 

(n=514) 

Medium 

256 

32.9 

(R2=0.030) 

High 

129 

36.5 

b)  Maximal 

Low 

182 

30.6 

2.147  (0.534)  <0.001 

(n=732) 

Medium 

368 

30.3 

(R2=0.022) 

High 

182 

36.1 

Ranch  Hands  -  Log2  (Initial  Dioxin) 

•  Adjusted 

Initial 

Adj. 

Adj.  Slope 

Covariatc 

Assumption  . 

Dioxin  n 

Mean 

(Std.  Error)^  p 

i-Value  Remarks 

c)  Minimal 

Low  128 

30.4 

2.343  (0.716) 

0.001  R/\CE  (p=:0.094) 

(n=510) 

Medium  254 

33.9 

EDUC  (p<0.001) 

(R2=0.096) 

High  128 

37.4 

d)  Maximal 

Low  181 

36.1 

1.266  (0.545) 

0.021  Rc\CE  fp=0.033) 

(n=727) 

Medium  365 

32.9 

EDUC  (p<0.001) 

(R2=0.072) 

High  181 

37.5 

*Slopc  and  sta/idard  irrror  bwrd  on  jMvchoiic  thinking  score  rtrsuj  logo  dioxin. 
Note;  Miaim.;il--Lo'''':  52-93  put;  .Medium:  >93-292  ppt;  High:  >292  ppt. 

MiUUiail-'-ow;  23-56.9  ppt;  .Medium:  >56.9-219  ppt;  High:  >218  f;pi. 
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TABLE  9-52.  (Continued) 


Analysis  of  Psychotic  Thinking  Score 
(MCVn) 


Ranch  Hands  - 

Log2  (Current  Dioxin)  and  Time  ■ 

■  Unadjusted 

Mean/(n) 

Current  Dioxin 

Tunc 

Slope 

Assumption 

(Yrs.) 

Low 

Medium  High 

(Std.  Error)^ 

p- Value 

e)  Minimal 

0.05915 

(n=514) 

^18.6 

29.6 

33.9  318 

1.324  (1.178) 

0.262= 

(r2=0.033) 

(72) 

(128)  (53) 

>13.6 

25.6 

32.5  38.5 

4.209  (0.966) 

<0.001  = 

(56) 

(129)  (76) 

f)  Maximal 

0.08315 

(n=.732) 

£18.6 

29.4 

31.5  35.9 

1.262  (0.826) 

0.127= 

(r2x.0.023) 

(105) 

(109)  (82) 

>18.6 

27.6 

30.4  37.4 

3.179  (0.731) 

<0.001= 

(78) 

(175)  (102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

-  Adjusted 

Adj.  Mean/(n) 

r 

urrgnt  Dioxin 

Time 

Adj.  Slope 

Covariatc 

Assumption 

(Yrs.) 

Low 

Medium 

High  (Std.  Error)^ 

p-Valuc 

Remarks 

g)  Minimal 

0.07415  race  (p=0.100) 

(0=510) 

<18,6 

31.4 

35.0 

33.7  0.933  (1.151) 

0.4I8<=  EDUC  (p<0.001) 

(R  2=0. 103) 

(71) 

(127) 

(53) 

>18.6 

28.3 

33.2 

39.1  3.586  (0.950) 

<0.001<= 

(56) 

(128) 

(75) 

h)  Maximal 

0.057l>  RACE  fp=0.035) 

(n=727) 

.<18.6 

34.4 

33.9 

37.4  0.307  (0.828) 

0.711=  EDUC  (p<0.001) 

(R  2=0.079) 

(105) 

(137) 

(82) 

>18.6 

32.2 

33.0 

3S.4  2.363  (0.729) 

0.001= 

(73) 

(174) 

(101) 

’Slope  ind  siawlard  error  bmed  on  peychoiic  thirJcinj?  score  versiis  losj-i  dioxin. 

of  sir.ninca.ice  for  homoireneity  of  slopes  (current  dioxin  continuous,  time  cateijorixcd). 
^Trst  of  Si ;,’nif:c2ncc  for  slope  -qiisl  to  0  feurrent  vitoxjn  cttniinuotis,  time  c3let;orirc(l). 

.Vote:  MindvOLll-Lo*:  >10-!  !. 65  ppt;  Mediu.m:  >14.6.5-15, 75  ppt;  Hi,;h:  >45.75  ppt. 

MilUIUi--Lo>*;  >5-9.01  ppt;  .Medium:  >4.01-33.3  pp::  ffi.ith:  >33.3  ppt. 
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TABLE  9*52.  (Continued) 


Analysis  of  Psychotic  Thinking  Score 
(MGVn) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p- Value 

Bxkground 

781 

32.6 

All  Categories 

0.004 

Unkno’vn 

340 

30.1 

Unknown  vs.  Background  -2.5  (-5.0, 0.0) 

0.053 

Low 

194 

31.9 

Low  vs.  Background 

-0.7  (-3.9,2.4) 

0.643 

High 

1S4 

36.7 

High  vs.  Background 

4.1  (0.9,7.3) 

0.012 

Total 

1,499 

(r2=0.009) 

J)  Ranch  Hands  and 

Comparisons  by  Current  Dioxin  Category  • 

Adjusted 

Current 

DiOxin 

Adj. 

Difference  of  Adj. 

Covariaic 

Category 

n 

Mean 

Contrast 

Means  (95%  C.I.)  p-Value 

Rem.arks 

Background 

775 

34.4 

Ail  Categories 

0.215 

AG5  (p=O.106) 
RACE  (p=0.106) 

Unknown 

335 

32.3 

Unknown  vs.  Background  -1.6  (-4. 1,1.0) 

0.223 

DRKYR  (p=0.0O4) 

Low 

190 

33.1 

Low  vs.  Bxkground  -1.3  (-4. 5, 1,8) 

0.400 

EDUC  (p<0.001) 

High 

180 

36.4 

High  vs.  Background  2.0  (-1.2, 5. 3) 

0.220 

Total 

1,480 

(R2eH).045) 

Bjjckground  (Compirisons):  Cunent  D!o;^m  ^10  ppt. 
UnkiiowTi  (R^-nch  Hands);  Current  Dioain  llO  ppt. 

Low  (Rinch  Hands);  15  ppt  <  Current  Dioxin  ^33.3  ppt. 
High  (Ranch  Hands):  Current  Dioxin  >33.3  ppt. 


Note: 


Hands  with  greater  than  18.6  years  since  the  end  of  their  tour,  there  were  significant  positive 
associations  between  current  dioxin  and  the  psychotic  thmldng  score  for  both  the  minimal  and 
maximal  cohorts  (Table  9-52  [g]  and  [h]:  p<0.001  and  p=0.(X)l). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  MCMI  psychotic  thmJdng  score  with  Ranch  Hands  and 
Comparisons  by  current  dioxin  category,  the  contrast  of  the  four  current  dioxin  categories  was 
significant  (Table  9-52  [i]:  p=0.004).  The  unadjusted  mean  psychotic  thinking  scores  for  the 
background,  unknown,  low,  and  high  current  dioxin  categories  were  32.6,  30.1,  31.9,  and  36.7. 
The  contrast  of  the  mean  psychotic  thinking  scores  of  the  unicnown  category  versus  the 
background  category  was  marginally  significant  (p=0.053).  Also,  the  difference  berveen  the 
mean  psychotic  thinking  scores  of  the  high  category  and  the  background  category  was 
significant  (p=0.012). 

After  adjusting  for  age,  race,  lifetime  alcohol  history,  and  education,  there  was  no 
significant  difference  detected  among  the  mean  psychotic  thinking  scores  of  the  four  current 
dioxin  categories  (Table  9-52  [j];  p=0.215). 

Psychotic  Depression  Score — MCMI 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

The  unadjusted  analysis  of  the  MCh-O  psychotic  depression  score  detected  significant 
positive  associations  with  initial  dioxin  under  both  the  minimal  and  maximal  assumptions 
(Table  9-53  [a]  and  [b];  p=0.005  and  p<0.(X)l).  The  unadjusted  mean  psychotic  depression 
scores  lor  the  minimal  cohort  were  22.4,  23.4,  and  26.7  for  the  low,  medium,  and  high  initial 
dioxin  categories.  The  corresponding  means  for  the  ma,ximal  cohort  were  22.0,  22.1,  and  26.5. 

The  minimal  adjusted  analysis  also  displayed  a  significant  positive  association  betsveen 
the  psychotic  depression  score  and  initial  dioxin  (Tabic  9-53  [c]:  p=0.035).  After  adjusting 
for  race,  lifetime  alcohol  hi.story,  and  education,  the  maximal  analysis  detected  only  a 
marginally  signific,ant  positive  relationship  between  initial  dioxin  and  the  MCMI  osychotic 
depression  score  (Table  9-53  [d]:  p=0.08I). 


Model  2:  Ranch  Hands  •  Logi  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  psychotic  depression  score  with  current  dioxin  and 
time  since  tour,  the  current  dioxin-by-d.me  interaction  was  not  significant  for  either  the 
minimal  or  the  ma.ximal  cohon  (Table  9-53  [c]  and  [fj:  p^.262  and  p=0.195).  However, 
there  were  signiticant  positive  associations  between  current  dioxin  and  the  psychotic 
depression  score  for  Ranch  Hands  vdth  more  tiian  18.6  years  since  tour  under  both  the 
minimal  and  maximal  assumptiens  ITabic  9-53  [e]  and  ff]:  p=0.006  and  pcO.OOl).  In  the 
minimal  cohort,  the  mean  psychotic  depres.sion  scores  for  Ranch  Hands  with  early  tours  for 
low.  medium,  a.nd  high  current  dioxin  were  21.8,  23.6.  and  23.0,  Under  tlie  maximal 
assumption,  the  mean  psychotic  depression  scores  also  became  larger  with  increasing  current 
dioxin  levels  for  this  time  stratum  (low,  19.1;  m.cdium.  22.9;  high,  27.1). 
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TABLE  9-53. 


Analysis  of  Psychotic  Depression  Score 
(MGVn) 


Ranch  Hands 

-  Log2  (Initial  Dioxin)  -  Unadjusted 

Initial 

Slope 

Assumption 

Dioxin 

n 

Mean  (Std.  Error)^  p-Value 

a) 

Minimal 

Low 

129 

22.4  2.122  (0.746)  0.005 

(n=514) 

Medium 

256 

23.4 

(R2=0.016) 

High 

129 

26.7 

b) 

Maximal 

Low 

182 

22.0  1.842  (0.537)  <0.001 

(n=732) 

Medium 

368 

22.1 

(R2=0.016) 

High 

182 

26.5 

Ranch  Hands  -  Log2  (Initial  Dioxin)  -  Adjusted 

Initial 

Adj. 

Adj.  Slope  Covariate 

Assumption 

Dioxin 

n 

Mean 

(Std.  Error)^  p-Value  Remar.ks 

c) 

Minimal 

Low 

128 

24.7 

1.567  (0.741)  0.035  RACE  (p=0. 114) 

(n=505) 

Medium  250 

24.6 

ALC  (p=0.125) 

(R2=0.C82) 

High 

127 

27.6 

DRKYR  (p=0.020) 
EDUC  (p<0.001) 

d) 

Maximal 

Low 

179 

27.3 

0.963  (0.551)  0.081  RACE  (p=0.040) 

(n=719) 

Medium  362 

24.6 

DRKYR  (p=0.007) 

(r2=0.070) 

High 

178 

27.9 

EDUC  (p<0.001) 

*SIope  and  standaid  error  based  on  psychotic  depression  score  versus  logo  dioxin. 
Note:  Minimal-- Low:  52-93  ppt;  Medium:  >93-292  ppt;  High:  >292  ppt. 

Maximal-Low:  25-56.9  ppu  .Medium:  >56.9-213  ppt;  High:  >218  ppt. 
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TABLE  9- Jo.  (Continued) 


Analysis  of  Psychotic  Depresoion  Score 
(MCMI) 


Assumption 

Ranch  Hands  • 

Time 

(Yrs.) 

Log2  (Current  Dioxin)  and  Time  * 

Mcan/(n) 

_ Current  Dioxin 

Low  Medium  High 

>  Unadjusted 

Slope 

(Std.  Enor)^  p- Value 

e)  Minimal 

0.262^ 

(n=514) 

<18.6 

22.5 

23.3  25.2 

0.988  (1.217) 

1  0.4ir: 

(r2=0.017) 

(72) 

(128)  (53) 

>18.6 

21.8 

23.6  28.0 

2.755  (0.997) 

1  0.006= 

(56) 

(129)  (76) 

f)  Maximal 

0.195'’ 

(n=732) 

<18.6 

20.7 

23.4  24.9 

1.128  (0.833) 

1  0.176= 

(R2=0.019) 

(105) 

(190)  (82) 

>18.6 

19.1 

2Z9  27.1 

2J71  (0.737) 

<0.001= 

(78) 

(175)  (102) 

Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

•  Adjusted 

AdJ.  Mean/(n) 

Current  Dioxin 

Time 

Adj.  Slope 

Covariate 

Assumption 

(Yrs.) 

Low 

Medium 

High  (Std.  Error)a 

p-Value 

Remarks 

g)  Minimal 

0.352>’ 

RACE  (p=0.127) 

(n=505) 

<18.6 

24.8 

24,7 

26.5  0.670  (1.192) 

0.574= 

ALC  (p=0.124) 

(R2-..0.083) 

(71) 

(126) 

(53) 

DRKYR  (p=0.01S) 

>18.6 

23.8 

24.5 

28.6  2.101  (0.986) 

0.034= 

EDUC  (p<0.C01) 

(56) 

(125) 

(74) 

h)  Maximal 

0.1 80b 

RACE  (p=0.042) 

(n=719) 

<18.6 

25.6 

26.0 

27.0  0.303  (0.837) 

0.717= 

DRKYR  (p=0.005) 

CR2^0.074) 

(IM) 

(186) 

(81) 

EDUC  (p<0.001) 

>18.6 

23.2 

25.3 

27.5  1.769  (0.737) 

0.017= 

(77) 

(172) 

(99) 

*Slop«  smd  sLindard  error  based  on  psychotic  depression  versus  iog2  dicrin. 

^est  of  significance  for  homogeneity  of  slopes  (current  dioxin  continuous,  time  categorized). 
'-Test  of  significance  for  slope  equal  to  0  (current  dioxin  coni,.’-. nous,  time  categorized). 

Note;  .Minimal-Low:  >10-14.65  ppi:  .Medium:  >14.65-45. /5  ppt;  High:  >45.75  ppt. 
Maximal— Low:  >5-9.01  ppt;  .Medium;  >9.01-33.3  ppt;  High:  >33.3  ppt. 
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TABLE  9-53.  (Continued) 


Analysis  of  Psychotic  Depression  Score 
(MOVII) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjsisted 


Current 

Dioxin 

Category 

n 

Mean 

Contrast 

Difference  of 
Means  (95%  C.I.) 

p-Va!uc 

Background 

781 

23.6 

All  Categories 

0.070 

Unknown 

340 

21.4 

Unknown  vs.  Background 

-2.2  (-4.7.0.3) 

0.091 

Low 

194 

22.8 

Low  vs.  Background 

-0.8  (-3.9.2.4) 

0.633 

High 

184 

26.1 

High  vs.  Background 

2.6  (-0.7.5.8) 

0.119 

Total 

1,499 

(r2=0.005) 

j)  Ranch  Hands  and 

Comparisons  by  Current  Dioxin  Category  - 

Adjusted 

Current 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariate 

Category 

n 

Mean 

Contrast  Means  (95%  C.I.)  p-Value 

Remark-S 

Backgrouixl 

775 

23.5 

All  Categories 

0.475 

DRKYR  (p=0.{X)2) 

AGE‘RAC:E  (P=0.042) 

Unknown 

335 

22.1 

Unknown  vs.  Bxkground 

-1.4  (-4.0,1.!) 

0.274 

ALC*EDUC  (p=0.033) 

Low 

190 

22.5 

Low  vs.  Background 

-1.0  (-4. 1,2.2) 

0.543 

High 

180 

24.8 

High  vs.  Background 

1.3  (-2.0,4.5) 

0.450 

Total 

1,480 

(R^O.040) 

Background  (Comparisoni);  Current  Dioxin  <10  ppL 
Unknown  (Ranch  Hands):  Cunent  Dioxin  ^10  ppc 
Low  (Ranch  Hands):  13  ppt  <  Current  Dioxin  <333  ppL 
High  (Ranch  Hands):  Current  Dioxin  >333  ppL 


Note: 


The  adjusted  analysis  also  did  not  detect  a  significant  interaction  beween  current  dioxin 
and  the  MCMI  psychotic  depression  score  under  either  assumpdon  (Table  9-53  [e]  and  [f]: 
p=0.352  and  p=0.180).  Sirmlar  to  the  unadjusted  results,  the  adjusted  analysis  displayed 
significant  positive  associations  between  current  dioxin  and  the  psychotic  depression  score 
for  Ranch  Hands  with  greater  than  18.6  years  since  tour  under  both  the  minimal  and  maximal 
assumptions  (Table  9-53  [g]  and  [h]:  p=0.034  and  p=0.017). 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analysis  of  the  MCMI  psychotic  depression  score,  the  overall  contrast 
of  the  four  current  dioxin  categories  was  marginally  significant  (Table  9-53  [i]:  p=0.070). 

The  mean  psychotic  depression  scores  for  the  background,  unknown,  low,  and  high  current 
dioxin  categories  were  23.6,  21.4,  22.8,  and  26.1.  The  contrast  of  Ranch  Hands  in  the 
unknown  current  dioxin  category  versus  Comparisons  in  the  background  category  was 
marginally  significant  (p=0.091)  with  the  Ranch  Hands  having  a  lower  mean  psychotic 
depression  score. 

After  adjusting  for  lifetime  alcohol  history,  an  age-by-race  interaction,  and  a  current 
alcohol  use- by-education  interaction,  the  analysis  did  not  detect  a  significant  overall 
difference  among  the  mean  MCMI  psychotic  depression  scores  of  the  four  current  dioxin 
categories  (Table  9-53  [j]:  p=0.475). 

Psychotic  Delusion  Score — MCMI 

Model  1:  Ranch  Hands  -  Logg  Dioxin) 

Based  on  the  minimal  assumption,  the  unadjusted  analy^’s  displayed  a  nonsignificant 
association  between  initial  dioxin  and  the  MCMI  psychotic  delusion  score  (Table  9-54  [a]: 
p=0.141).  However,  under  ^he  maximal  assumption,  there  was  a  marginally  significant 
positive  relationship  between  initial  dioxin  and  the  psychotic  delusion  score  (Table  9-54  [b]: 
p=0.065).  The  rriean  psycnotic  delusion  scores  became  larger  for  increasing  levels  of  current 
dioxin  (low,  42.3;  medium,  43.9;  high,  46.0). 

The  minimal  analysis  of  the  psychotic  delusion  score  remained  nonsignificant  after 
adjustment  for  covariate  information  (Table  9-54  [c]:  p=0.282).  After  the  adjustment  for 
race,  education,  and  an  age-by-lifetime  alcohol  history  interaction,  the  association  between 
initial  dioxin  and  the  psychotic  delusion  score  was  also  nonsignific.-int  under  the  maximal 
assumption  (Table  9-54  [d];  p=0.363). 


Model  2:  Ranch  Hands  •  Log2  (Current  Dioxin)  and  Time 

The  unadjusted  analysis  of  the  psychotic  delusion  score  with  current  dioxin  and  time 
since  tour  did  not  detect  a  signific,ant  current  dioxin-by-time  interaction  for  either  the  minimal 
or  the  maximal  cohon  (Table  9-54  [e]  and  [f];  p=0.218  and  p=0.271).  For  Ranch  Hands  with 
greater  rhan  18.6  years  since  tour,  there  were  significant  positive  associations  between 
current  dioxin  and  the  psychotic  delusion  score  under  both  the  minimal  and  maximal 
assumptions  (Table  9-54  [c]  and  [f]:  p=0.041  and  p=0,020).  In  the  minimal  cohon,  the  mean 
psychotic  delusion  scores  for  Ranch  Hands  with  more  than  18.6  years  since  the  end  of  their 
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TABLE  9-54, 


Analysis  of  Psychotic  Delusion  Score 
(MCMl) 


Ranch  Hands  •  Lcg2  (Initial  Dioxin)  -  Unadjusted 


Initial 


Slope 


Assumption 


Dioxin 


Mean 


(Std.  Error)^ 


p-Value 


a)  Minimal  Low  129  41.9  1.050  (0.713)  0.141 

(n=514)  Medium  256  45.3 

(R2=0.004)  High  129  45.8 


b)  Maximal  Low  182  42.3  0.982  (0.531)  0.065 

(n=732)  Medium  368  43.9 

(R2=0.005)  High  132  46.0 


Ranch  Hands  •  Log2  (Initial  Dioxin)  •  Adjusted 


Assumption 


Inidal 

Dioxin 


Adj.  Adj.  Slope  Covariaie 

Mean  (Std.  Error')^  p-Value  Remarks 


c)  Minimal  Low  128  41.8  0.774  (0.718)  0.282  ALC  (p-C.062) 

(n=508)  Medium  252  44.8  EDUC  (p=0.002) 

(R2=0.029)  High  128  44.9 


d)  Maximal  Low  179  46.2  0.508  (0.564)  0.363  RACE  (p=0.085) 

(n=719)  Medium  362  46.1  EDUC  (p<0.001) 

(R2=0.039)  High  178  47.8  AGE*DRK’iT^  (p=0.012) 


*Slope  snd  standard  error  based  psyc.bouc  delusion  score  versiu  Iog2  dioxin. 

Note:  .Mini.Ti.sl-Low:  S2-93  ppt;  .Medium;  >93-792  ppu  High:  >292  ppu 

Miaximal-Low:  25-56.9  ppt;  Medium;  >56.9-218  ppt;  Hij.h:  >213  ppt. 


TABLE  9-54.  (Continued) 


Analysis  of  Psychotic  Delusion  Score 
(MCVIO 


Ranch  Hands  •  L022  (Current  Dioxin)  and  Time  -  Unadjusted 

Mean/(n) 

_ Current  Dioxin 

Time  Slope 


Assumption 

(Yrs.) 

Low 

Medium 

Hieh 

(Std.  Error)* 

p-Value 

e)  Minimal 

0.2  Igh 

(n-514) 

£18.6 

44.4 

453 

43.3 

0.096  (1.161) 

0.934= 

(r2-0.009) 

(72) 

(128) 

(53) 

>18.6 

38.8 

45.2 

46.3 

1.947  (O.S52) 

0.041=  ■ 

(56) 

(129) 

(76) 

f)  .Maximal 

0371^ 

(n-732) 

£18.6 

43.3 

U.l 

45.6 

0.487  (C.S23) 

0.554= 

CR  2*0.009) 

(103) 

(190) 

(82) 

>18.6 

40.7 

43.2 

46.1 

1.698  (0.728) 

0.020= 

(78) 

(173) 

(102) 

Ranch  Hands  -  Logj  (Current  Dioxin)  and  Time  •  Adjusted 

Adj.  Mean/(n) 

...  Curreni  PiQ.un 

Time  Adj.  Slope  Covariaie 


Assumption 

(Yrs.) 

Low 

Medium 

High 

(Std.  Error)* 

p-Value 

Remarks 

g) 

Minimal 

0.2671’ 

ALC  (p=0.066) 

(n=508) 

<18.6 

44.2 

44.5 

44.3 

-0.127  (1.156) 

0.912= 

EDUC  (p=0.002) 

(K  2*0. 032) 

(71) 

(127) 

(53) 

>18.6 

39.0 

44,9 

45.5 

1-531  (0.957) 

0.110= 

(56) 

(126) 

(75) 

h) 

.Maximal 

0.180*’ 

RACE  (p=0.086) 

(n=.719) 

<13.6 

46.9 

46.6 

46.9 

-0.153  (0.855) 

0.858= 

EDUC  (p<0.001) 

Cr2=<}.(j42) 

(IW) 

(1S6) 

(81) 

AGE'DR^fYR  (p=0.012) 

>18.6 

43.8 

46.1 

47.9 

1 J20  (0.756) 

0.C81= 

(77) 

(172) 

(99) 

'Slope  ajid  slindard  mor  bMcri  on  pjychoiic  delusion  score  vtrsuj  logo  dioxin. 

*^est  of  significance  for  homogeneity  of  slopes  (current  dioxin  continuous,  time  categorized). 
“•Test  of  significance  for  slope  equal  to  0  fcuneni  dioxin  continuous,  time  caiegor.zcd). 

Note:  Nfinima!-Low:  >10-14.65  ppt;  Medium:  >14,65-45.75  ppt;  High:  >45.75  ppL 

Maxi.Tul-Low:  >5-9.01  ppt;  Medium;  >9.01-33.3  ppt;  High;  >33.3  ppt. 
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TABLE  9-54.  (Continu 


Analysis  of  Psychotic  Delusion 
(MCMI) 


i)  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category  -  Unadjusted 


Current 

Dioxin 

Difference  of 

Catesjory 

n 

Mean 

Contrast  Means  (95°!>  C.I.) 

i  p-Va!ue 

Background 

731 

411 

All  Categories 

0.076 

Unknown 

340 

43.1 

Unknown  vs.  Background  0.9  (-1. 7.3.5) 

0.497 

Low 

194 

45.1 

Low  vs.  Background  3.0  (-0.3, 6. 2) 

0.073 

High 

184 

45.9 

High  vs.  Background  3.7  (0.4,7. 0) 

0.026 

Total 

1.499 

(R  ^0.005) 

j)  Ranch  Hands  and  Comparisons  by  Currei.i  Dioxin  Category  •  Adjusted 

Cunent 

Dioxin 

Adj. 

Difference  of  Adj. 

Covariaie 

Category 

n 

Mean 

Contrast  Means  (95'^o  C.I.)  p-Valvic 

Rctn.uks 

Backgjcurd 

775 

44.2 

All  Categories  0.213 

RACE  (p-.--0.062) 
AGE«/\LC  (p»0.(304) 

Unknown 

335 

46.1 

Unknown  vs.  Background  1.8  18,4.5)  0.166 

AGE’DRKYR  (p==0,030) 

Low 

190 

46.7 

Low  vs.  Background  2.5  (-0.7,5.7)  0.125 

ALC’DRIC'fR  tp=0,0.;6) 

High 

180 

46.7 

High  vs.  Background  2.5  (-0.8,5. 8)  0.144 

/U.C*F.DL'C  (p=0.0l0) 

Total 

1,480 

(r2^0.045) 

Now:  Backgrouid  (CotnpariM:v<):  Curr-nt  Dioxin  ^10  ppt. 

Unknown  (Ranch  Har.da):  Current  Dioxin  ilO  ppi. 

Low  (Ranch  Hand.t):  13  ppt  <  Current  Dioxin  ppt. 

High  'Ranch  Kandj):  Cuncni  Dioxin  >33J  ppt. 
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tour  were  38.8,  45.2,  and  46.3  for  low,  reedium,  and  high  oirrent  dioxin.  The  corresponding 
mean  psychotic  delusion  scores  for  the  same  time  stratum  of  the  maximal  cohort  were  40.7, 
43.2,  and  46.1,  respectively. 

After  adjusting  the  minimal  analysis  for  current  alcohol  use  and  education,  the 
interaction  between  current  dioxin  and  time  since  tour  remained  nonsignificant  (Table  9-54 
[g];  p=0.267).  Under  the  mxtimal  assumption  the  current  dioxin-by-time  interaction  was 
also  nonsignificant  (Table  9-54  [h];  p=0.180),  but  for  Ranch  Hands  with  more  than  18.6 
years  since  the  end  of  their  tour,  there  was  a  marginally  significant  positive  association 
between  current  dioxin  and  tiic  psychotic  delusion  score  (p=0.031). 


Model  3:  Ranch  Hands  and  Comparisons  by  Ciirrent  Dioxin  Category 
In  the  unadjusted  analysis  of  die  psychotic  delusion  score,  the  contrast  of  the  four 
current  dioxin  categories  was  marginaily  significant  (Table  9-54  [i]:  p=0.076).  The  mean 
psychotic  delusion  scores  for  the  background,  unknown,  low,  and  high  current  dioxin 
categories  were  42.1,  45.1,  45.1.  and  45.9.  The  contrast  of  the  Ranch  Hands  in  me  low 
category  versus  the  Comparisons  in  the  background  category  was  marginally  significant 
(p=0.073)  with  the  Ranch  Hands  having  a  higher  mc.in  psychotic  delusion  score  than  the 
Comparisons.  Also,  the  mean  psychotic  delusion  score  of  the  Ranch  Hands  in  the  high 
current  dioxin  category  was  significantly  higher  than  the  mean  score  of  the  Compari.sons  in 
the  background  category  (p=0.026). 


After  adjusting  for  race  and  several  significant  covariate  interactions,  the  analysis  of  the 
psychotic  delusion  score  for  the  four  current  dioxin  categories  was  not  significant  (Table  9-54  [j]; 
p=0.2l3). 


DISCUSSION 

Prior  to  the  1982  Baseline  study,  little  scientific.ally  vali<l:ited  information  existed 
regarding  the  relationship  between  dioxin  exposure  .ind  disiurbanccs  of  cognition  and 
emotions  in  man.  The  Baseline  and  1985  examinations  atirmptcd  to  explore  these  possible 
relationships  using  wcll-csublishcd  questionnaires,  personality  inventories,  and 
ncuropsvchoIogicaJ  assessment  techniques.  These  instruments  included  the  Cornell  Medical 
Index  (C.MI),  the  .MMPI,  and  the  HRB. 

In  the  1982  Baseline  study,  the  analysis  of  extensive  data  generated  by  the  CMI, 
MMPI.  and  HRB  rcve.aled  few  stati.stic.ally  significant  differences  Ixtwecn  the  Ranch  Hand 
and  Comparison  g. oups.  .More  specific.ally,  the  t’.vo  groups  did  not  differ  significantly  on 
scver.al  tests  of  cognitive  (cerebral)  function.  Tlie  Ranch  Hand  eje^up  reported  a  mtxlerately 
, greater  numb«;r  of  diffuse  medical  (somatic)  complaints  on  t.hc  CMI.  Tlicy  also  registered 
higher  (but  not  statistically  significant)  scores  on  the  MMPI  scales  that  arc  inllueuced  most 
heavily  by  physical  complaints  such  as  genendired  fcclmgs  of  lassitude  and  malaise,  ctiergy 
loss,  and  mental  and  physical  slowing. 

There  were  no  compelling  R.inch  Hand-Cnmpa.risnn  group  test  differences  lahserso'd 
dunng  the  198.5  c.xarnination.  .N’cven.hcless.  the  possibility  of  a  rebitionship  between  dioxn 


exposure  and  the  subsequent  development  of  psychological  or  psychophysiological  disorders 
could  not  b-c  entirely  ruled  cut. 

To  promote  maximum  compliance  among  the  subjects,  the  19S7  examination  included 
the  SCL-90-R  and  MCMI  evaluations.  The  SG--90-R  is  a  90-itcm  checklist  of  physical  and 
mental  symptoms  that  provides  a  reasonable  measure  of  health-related  concerns  and 
associated  anxiety,  depression,  and  general  cm.otional  discomfort.  Tlic  MCMI  provided 
backup  measures  of  depression,  anxiety,  somatization,  and  hypochondri.asis  for  the 
SCL-^-R,  while  also  screening  for  personality  disorders  and  major  psychiatric  syndrom, cs 
including  psychoses.  Both  the  SCL-90-R  and  the  MCMI  have  been  extensively  used  in 
research  and  some  clinical  settings  requiring  economical  assessment  of  psychiatric  disorders, 
physical  disabiliry  status,  and  response  to  specific  therapies.  In  addition,  verified  histories  of 
psychological  disorders  and  self-reported  s’cep  disorders  were  also  included  in  the  19S7 
examination. 

The  unadjusted  initial  dioxin  analyses  revealed  several  statistically  significant  results 
for  the  vc.nficd  questionnaire,  sleep  disorder,  and  SCL-90-R  variables.  However,  when 
adjusted  for  effects  of  covanatc  factors  (i.c.,  age,  education,  alcoliol  use,  and  race),  none  of 
these  results  remtained  significant. 


After  adjustment  for  covariatc  factors,  9  of  the  20  MC.MI  scale  results  remained 
starisrically  significant  under  either  the  minimal  or  the  maximal  assumption  (positive: 
schizoid,  avoidant,  dependent,  schizotypal,  som.atoform,  psychotic  thinking,  and  psychotic 
dcpres.sion  scores:  negative;  histrionic  and  narcissistic  scores).  Such  results  suggest  the 
possibility  of  a  relationship  between  personality  disturbances  anti/cr  psychotic  disorders  and 
extrapolated  inutal  TCDD  levels.  However,  examination  of  interview  data  .and  a  review  of 
.MC.MI  test  structure  indicates  that  the  .MCMI  results  should  be  interpreted  v/ith  caution. 


Tl'.e  adjusted  .analyses  of  the  verified  questionnaire  findings  did  not  display  a 
statistically  significant  positive  relattcnship  with  initial  dioxin  for  psychoses  of  the  tvpc 
observed  on  the  psychotic  thinking  scale.  Similarly,  verified  qucstionn.iire  data  diti  not 

exhibit  significant  adjusted  results  on  measures  of  anxiety  or  neuroses  of  the  tvpc  that  would 
be  anticipated  in  a  population  suffering  from  the  high  incidence  of  personality  disturbances 
implied  by  the  MC.MI  data. 


Tne  number  of  statistically  significant  MCMI  results  mav  have  been  infiated  hv  test 
construction  intric.icies  that  nave  been  described  by  Millon  (3d)  and  Clioca  (.35).  These 
investm  rions  revealed  subst.anti.il  (.50T  to  65'7)  item  overlap  for  the  schnuud.  avo’dai.t. 
dependent,  schizotymil,  psychotic  thinking,  and  psychotic  depression  scales.  Tlicsc  same 
scales  are  aiso  p<-,si-ivcly  ccrrel.iied  at  levels  rs.-  .ung  from  0.56  to  0,94,  DdTicuhics  with 
overl.spping  comcor.cnts  also  exiend  to  the  histrionic  and  narcissistic  scales  which  coriclatc 
-O.-'d  on  av-ta.je  with  the  schi.'oi<),  avo!d:int,  .schizotvpal,  .md  psychotic  thinking  sc, lies. 


me  r-m.un'ng  statisnc.dly  significant  MCMI  scale  result  w  -s  observed  on  the 
•otorru  sc. lie,  litis  result  dc'es  not  .irpear  to  he  rel.iteJ  to  structural  t.icKus.  .Ac 


to  :h:-  M(.).!I  ;u,m;;a!  f34i.  the  somatoform  scale  cnrei.iteS  t).43  wtth  the  s(soMti.Mt;on  s 
c’t  :;'.e  ;)(,L-'9)-rT  F '.e  .ib^mce  of  st.msuca.lly  sigriific.’.nt  results  on  th.e  som.tti.'atu'n  (>r 


'rding 
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positive  symptom  total  scales  of  the  SOL-90-R  is  inconsistent  with  significant  MCMI 
somatoform  scale  findings. 

Adjusted  current  dioxin  and  time  since  tour  analyses  for  the  verified  questionnaire  and 
sleep  disorder  variables  were  generally  not  significant.  Of  the  SQ--90-R  variables,  the 
anxiety  scale  was  positively  related  to  current  dioxin  for  Ranch  Hands  with  time  greater  than 
18.6  years.  For  these  Ranch  Hands,  marginally  significant  results  were  also  observed  on  the 
somatization  scale  of  the  SCL-90-R  and  the  anxiety  scale  of  the  MCMI.  The  MCMI  manual 
(34)  reveals  that  these  two  scales  correlate  with  the  anxiety  scale  of  the  SCL-90-R  at  0.67 
and  0.52,  respectively.  Internally  consistent  results  of  this  type  suggest  the  possibility  of 
latent  and  now  emerging  anxiety  or  psychophysiolcgical  disorders.  However,  additional 
inspection  of  the  verified  questionnaire  data  did  not  reveal  evidence  for  significant  anxiety 
disorders. 


Review  of  the  adjusted  analyses  of  MCMI  data  revealed  multiple  statistically 
significant  results.  These  results  appeared  predom.inaiuly  on  the  scales  with  high 
correlations  as  dcscrihed  above.  The  possibility  that  these  findings  may  be  related  in  pan  to 
structural  test  factors  is  again  noted.  However,  the  majority  of  significant  results  on  sc.alcs 
designed  to  rcficct  personality  and  psychotic  disorders  arc  observed  primanly  for  Ranch 
Hands  with  tours  more  than  18.6  years  ago.  Tlic  possibility  of  emerging  latent  disorders  is 
suggested,  but  inspection  of  verified  qucstionn.iire  data  and  3CL-90-R  results  failed  to 
reveal  corroborating  evidence  of  time-related  psychoses  or  neuroses. 

A  review  of  the  adjustrxl  findings  for  the  categorized  current  dioxin  analyses  of 
questionnaire  and  SCL-90-R  d.aia  revealed  only  one  clearly  significant  result  for  Ranch 
Hands  in  the  high  current  dioxin  category.  These  panicipants  reponed  frightening  dreams.  A 
recent  study  (36)  revealed  that  frightening  dreams  has  proved  to  be  one  of  the  more 
consistent  clinical  indicators  m.anifcstcd  in  studies  of  chronic  Ft’SD.  However,  in  the  context 
of  the  present  study,  frightening  dreams  is  not  likely  to  represent  a  significant  dosc-rclatcd 
sleep  abnormality  in  ih.tt  all  other  indicators  of  sleep  disorders  failed  to  m.ect  the  criteria 
required  for  statistical  significance  with  TCDD  exposure. 

The  adjusted  ana'yscs  of  the  MCMI  variables  revealed  only  two  statistically  significant 
results  in  the  high  current  dioxin  category.  These  results  were  obtained  on  the  schizoid  and 
schizotypal  scales.  Previously  discussed  factors  of  test  structure  and  an  absence  of  any 
cerroborating  verified  questionnaire  data  combine  to  reduce  the  likclihocKi  that  these  results 
are  as.sociatcd  with  a  dose-response  effect. 


In  summary,  a  tri-mcxlcl  approach  was  employed  a.'  scrutinize  several  comolex 
relationships  between  dependent  psychologic.al  v.mahlcs  ..nd  objectively  determined  TCDD 
levels.  Ibis  c.xpanded  analysis  permitted  a  more  sophi.stic.atcd  and  cmpiric.ai  approach  to  the 
problem  of  determining  to  what  extent  the  body  burden  of  dioxin  might  lx  associated  with 
psychological  and/or  psychcphysiologicaJ  disorders.  TTcte  was  a  rclatiw  -v  larce  numN*r  of 
.statistically  significant  rcsulrs  for  the  .MC.MI  vanablcs.  'Dicsc  findings  may  b- munous 
a.ssociations  due  to  the  iruerreiatcdncs.s  of  the  .MC.MI  scales  inh.crcnt  to  the  test' 
development  structure.  Ihese  results  were  not  corrorrrarcti  by  the  verified  questionnaire 
data  resuits  and  the  .SCL-vO-R  variables.  Based  on  these  analyses,  the  incidence  of 


psychological  and  psychosocial  disorders  appears  unrelated  to  TCT)D  body  burdens  in  Ranch 
Hands. 


SUT4MARY 

The  psychological  assessment  was  based  on  analyses  of  verified  psychological 
disorders;  reponed  sleep  disorders;  and  two  psychological  instruments,  the  SQ--90-R  and 
the  MCMI,  in  association  with  scram  dioxin  levels.  Tables  9-Cj,  9-56,  and  9-57  present  the 
results  of  these  analyses  based  on  inidal  dioxin  for  Ranch  Hands,  current  dioxin  and  time 
since  tour  for  Ranch  Hands,  and  current  dioxin  category  for  Ranch  Hands  and  Comparisons. 


Questionnaire:  Verified 

Five  psychological  disorders  were  analyzed  in  the  psycho  ^^ical  assessment: 
psychoses,  alcohol  dependence,  drug  dependence,  anxiety,  ar.d  other  nc  roses.  These 
disorders  were  sclf-reponcd  and  later  verified  by  a  medical  record  reviev/.  Participants  with 
a  pre-SEA  history  of  these  disorders  were  excluded  from  the  analyses  along  with 
participants  with  PTSD  as  determined  from  the  MMPI. 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadjusted  analysis  of  psychoses,  a  margin.TJly  significant  negative  association 
was  found  with  initial  dioxin  under  the  minimal  assumption.  After  adjusmaent  for  race  and 
education,  the  negative  association  between  psychoses  and  initial  dioxin  became  significant 
(Table  9-55:  p=0.042)  for  the  minimal  cohort. 

The-’  were  no  significant  findings  in  the  analysis  of  alcohol  dependence,  and  there  were 
only  two  participants  (both  Comparisons)  with  a  verified  self-reported  history  of  a  drug 
dependence. 

In  the  unadjusted  analyses  of  anxiety  and  the  ICD-9-C.M  code-based  category  of 
“other  neuroses.”  the  minimal  analyses  were  nonsignificant,  but  the  maximal  an.alvscs 
detected  a  significant  positive  association  with  initial  dioxin  for  both  of  these  psychological 
disorders  (Table  9-55:  p--a).34  and  p=0.004).  The  adjusted  analyses  of  anxiety  and  other 
neuroses  displayed  nonsignificant  positive  associations  with  initial  dioxin  under  both 
assumptions. 


Model  2:  Ranch  Hands  -  fuga  (Current  Dioxin)  and  Time 

The  .-uisociation  between  current  dioxin  and  the  verified  psychological  disorder  variables 
did  not  differ  si;;nif;c:int!y  between  the  bmic  since  tour  strata  for  any  of  the  unadjusted 
analyses.  Ho'.vevcr,  ^or  other  neuroses,  die  unadjusted  maximal  analysis  detected  a 
marginally  signific.int  current  dioxin-by-timc  interaction.  ,-\!so,  under  the  maximal 
assum.ption,  tnere  was  a  sigmticant  positive  association  between  current  dioxin  and  anxictv 
and  between  current  dioxin  and  other  neuroses  in  the  unadjusted  analysis  of  Ranch  Hands’ 
with  less  :han  or  etiual  :o  Id. 6  years  since  tour  (Tabic  9-56:  p=(),()34  and  p-0/X)3 
rcsocctivclv). 


TABLE  9-55. 


Summary  of  Initial  Dioxin  Analyses  for  Psychology  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted  Adjusted 


Variable 

Minimal 

Maximal 

Minimal 

Maximal 

Questionnaire: 

Verified 

Psychoses  (O) 

ns* 

NS 

-0.042 

ns 

Alcohol  Dependence  (D) 

NS 

NS 

ns 

NS 

Anxiety  (D) 

NS 

+0.034 

NS 

NS 

Other  Neuroses  (D) 

NS 

+0.004 

NS 

NS 

Quest!.;nnaire: 

Sleep  Disorders 

Trouble  Falling 

Asleep  (D) 

ns 

NS 

ns* 

ns 

Waking  Up  During  the 

Night  (D) 

ns 

ns 

ns 

ns 

Waking  Up  Too  Early 
and  Can’t  Go  Back 
to  Sleep  (D) 

ns 

NS 

**  (ns) 

ns 

Waldng  Up 

Unrefrcshed  (D) 

NS 

+0.027 

NS 

NS 

Involuntarily  Falling 

Asleep  During 
the  Day  (D) 

ns 

NS 

(no) 

**  (NS) 

Great  or  Disabling 

Fatigue  During 
the  Day  (D) 

ns 

NS 

ns 

ns 

Frightening  Dreams  fD) 

NS 

^0.025 

**  (NS) 

NS* 

Talking  in  Sleep  (D) 

NS 

NS 

NS 

NS 

Sleepwalking  (D) 

NS 

NS 

NS 

Abnormal  Movement/ 
Activity  Durim;  the 

Night  (D) 

NS 

NS 

ns 

NS 

Sleep  Problems 

Re^njiring 

Medication  CD) 

ns 

ns 

-0.023 

-0.032 

Snore  Loudly  in  All 

Sleeping  Positions  CD) 

ns 

NS 

•*  (ns) 

NS 

TABLE  9-55.  (Continued) 


Summary  of  Iniiial  Dioxin  Analyses  for  Psychology  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted  Adjusted 

Variable  Minimal  Maximal  MinLial  Maximal 


Questionnaire:  Sleep 
Disorders  (continued) 


Insomnia  (D) 

Overall  Sleep  Disorder 

ns 

ns 

ns 

ns 

Index  (D) 

ns 

NS 

ns 

ns 

Average  Sleep  Each 
Nighta(C) 

Physical  Examination: 
SCL-90-R 

ns 

ns 

ns 

ns 

Anxiety  (D) 

NS 

+0.022 

NS 

NS 

Depression  (D) 

NS* 

+0.029 

NS 

NS 

Hostiliry  (D) 

Interpersonal 

NS 

NS 

ns 

NS 

Sensitivity  (D) 

Obsessive- Compulsive 

NS 

NS* 

**  (NS) 

NS 

Behavior  (D) 

NS* 

+0.002 

NS 

NS* 

Paranoid  Ideation  (D) 

ns 

ns 

ns 

ns 

Phobic  Anxiety  (D) 

NS 

NS 

ns 

NS 

Psychoticism  (D) 

NS 

+0.022 

NS 

NS* 

Somatization  (D) 

NS 

NS* 

NS 

NS 

Global  Severity  Index  (D) 

NS* 

+0.013 

NS 

NS 

Positive  Symptom  Total  (D) 
Positive  Symptom 

NS* 

+0.043 

NS 

NS 

Distress  Index  (D) 

Physical  Examination; 

MCAO 

Basic  Personalitv  Patterns 

NS 

NS 

NS 

NS 

Schizoid  Score  (C) 

+<0.001 

+<0.001 

+0.C02 

+0.002 

Avoidant  Score  (C) 

+<0.001 

+<0.001 

**  (+0.CO3) 

+0.038 

Dependent  Score  (C) 

+0.027 

+0.009 

+0.018 

+0.037 

Histrionic  Score  (C) 

-0.003 

-0.002 

-0.011 

-0.037 

Narcissistic  Score  (C) 

-0.007 

-0.003 

ns* 

-0.012 

Antisocial  Score  (C) 

ns 

ns 

(ns) 

*  *  Sc 

Compulsive  Score  (C) 

ns 

ns 

NS 

NS 
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TABLE  9-55.  (Continued) 

Summary  of  Initial  Dioxin  Analyses  for  Psychology  Variables 
Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted  Adi'isted 

Variable  Minimal  Maximal _ Minimal _ Maximal 


Physical  Examination: 

M(TidI  (continued) 

Basic  Personality  Patterns  is.Q_nrin.yMl 

Passive-Aggressive 


Score  (C) 

-hO.046 

+<0.001 

NS 

NS 

Pathological  Personalir/..Pisgi(: 
Schizotypal  Score  (C) 

kts 

+<0.001 

+<0.001 

+<0.001 

+0.001 

Borderline  Score  (C) 

NS 

+0.028 

NS 

**  (NS) 

Paranoid  Score  (C) 

NS 

NS 

NS 

ns 

CHuigal  SyTnD.tQm  Svndmmg^ 
Anxiety  Score  (C) 

+0.046 

+<0.001 

**  (NS*) 

Somatoform  Score  (C) 

NS 

+0.033 

NS 

+0.011 

Hypomania  Score  (C) 

ns* 

ns 

**  (ns*) 

**  (ns) 

Dysthymia  Score  (C) 

NS 

+0.031 

**** 

**** 

Alcohol  Abuse 

Score  (C) 

NS 

NS 

ns 

ns 

Drug  Abuse  Score  (C) 

ns 

NS 

ns 

ns 

Psychotic  Thinking 

Score  (C) 

+<0.001 

+<0.001 

+0.001 

+0.021 

Psychotic  Depression 

Score  (C) 

+0.005 

+<0.001 

+0.035 

NS* 

Psychotic  Delusion 

Score  (C) 

NS 

NS* 

NS 

NS 

^Negative  slope  considered  adverse  for  this  variable. 

C;  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  1.00  or  greater  for  discrete  analysis;  slope  noni.egative  for  continuous  analysis. 

Relative  risk  less  than  1.00  for  discrete  analysis;  slope  negative  for  contuiuous  analysis. 

NS/ns:  Not  significant  fp>0.10). 

NS*/ns*;  Marginally  significant  (0.05<p<0.10). 

•*  (NS)/**  (ns);  Log2  (initial  dioain)-by-covariate  interaction  (0.01<p<0.05);  not  significant  when  interaction  is 
deleted;  refer  to  Appendia  Table  H-1  for  a  detailed  dc,scTiption  of  this  interaction. 

••  (NS*)/**  (ns*);  Log2  (initi.il  dioxin)-by-covariate  interaction  (0,01<p<0.03);  marginally  significant  when 

interaction  is  deleted;  refer  to  Appendix  Table  H-1  for  a  detailed  description  of  this  interaction. 
•*  (...):  Log2  (initial  dioxin)-by-covahaie  interaction  (0.01<pi0.05);  rignific.-mt  when  interaction  is  deleted  :ind  p- 
value  is  given  in  parentheses;  refer  to  Appendix  Table  H-1  for  a  detailed  description  of  this  interaction. 
•***:  Log2  (initial  dioxin)-'oy-cav.inatc  interaction  (pi^O.Ol);  refer  to  Appendix  Table  H-1  for  a  dct.ajled  description 
of  this  interaction. 

.Note:  P-vaJue  given  if  p<0.05. 

A  capital  “NS"  denotes  relative  risk  l.CO  or  g-eatcr  for  discrete  an.elysis  or  slope  nonnegativt  for  continuous 
analysis;  a  lowerc.a.se  “ns"  denotes  relative  nsk  less  than  1.00  for  discrete  an.xlysis  or  slo[y:  negative  for 
continuous  analysis. 
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TABLE  9-56. 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted 

Minimal _  _ Maximal 


Variable 

C^T 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Q’.estionnaire: 

Verified 

Psychoses  (D) 

ns 

ns 

ns 

ns 

NS 

ns 

Alcohol  Dependence  (D) 

ns 

NS 

ns 

ns 

NS 

ns 

Anxiety  (D) 

NS 

NS 

NS 

ns 

+0.034 

NS 

Other  Neuroses  (D) 

Questionnaire: 

ns 

NS 

NS 

ns* 

+0.003 

NS 

Sleep  Disorders 

Trouble  Falling  Asleep  (D) 
Waking  Up  During  the 

Night  (D) 

NS 

ns 

NS 

ns 

NS 

ns 

ns 

ns 

ns 

ns 

NS 

ns 

Waking  Up  Too  Early 

and  Can’t  Go  Back 
to  Sleep  (D) 

ns 

NS 

ns 

ns 

NS 

ns 

Waking  Up 

Unrefreshed  (D) 
Involuntarily  Falling 

NS 

ns 

NS 

NS 

NS 

+0.030 

Asleep  During 
the  Day  (D) 

ns 

NS 

ns 

ns* 

NS 

ns 

Great  or  Disabling 

Fatigue  During 
the  Day  (D) 

NS 

ns 

ns 

ns 

NS 

ns 

Frightening  Dreams  (P) 

ns 

NS 

NS 

ns 

+0.011 

NS 

Talking  in  Sleep  P) 

ns 

NS 

NS 

ns 

NS 

NS 

Sleepwalking  (D) 

Abnormal  Movement/ 

NS 

ns 

NS 

NS 

NS 

NS 

Activity  During  the 

Night  P) 

r.s 

NS 

NS 

NS 

NS 

NS 

Sleep  Problems 

Requiring  Medication  P) 
Snore  Loudly  in  All 

NS 

ns 

ns 

ns 

ns 

ns 

Sleeping  Positions  P) 

ns 

ns 

ns 

ns 

NS 

NS 

Insomnia  P) 

Overall  Sleep  Disorder 

ns 

NS 

ns 

ns* 

NS 

ns 

Index  P) 

Average  Sleep  Each 

ns 

NS 

ns 

ns 

NS 

ns 

Nighta(C) 

ns 

ns 

ns 

NS 

ns 

ns 
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TABLE  9-56.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Unadjusted 


Variable 


_ Minimal _  _ Maximal _ 

C*T  <18.6  >18.6  C*T  <18.6  >18.6 


Physical  Examination; 


SCL-90-R 

Anxiety  (D) 

NS 

NS 

+0.031 

NS 

NS 

NS* 

Depression  (D) 

NS 

NS 

+0.017 

ns 

NS 

NS* 

Hostility  (D) 

ns 

NS 

NS 

ns 

NS 

NS 

Interpersonal 

Sensitivity  (D) 

ns 

NS* 

NS 

ns 

+0.018 

NS 

Obsessive-Compulsive 
Behavior  (D) 

NS 

NS 

+0.031 

NS 

+0.043 

+0.018 

Paranoid  Ideadon  (D) 

ns 

ns 

ns 

ns 

NS 

ns 

Phobic  Anxiety  (D) 

NS  ■ 

ns 

NS 

ns 

NS 

NS 

Psychoticism  (D) 

NS 

NS 

NS 

ns 

NS 

NS 

Somatizadon  (D) 

+0.015 

ns 

NS* 

NS 

NS 

NS 

Global  Severity  Index  (D) 

NS 

NS 

+0.026 

ns 

NS* 

NS* 

Positive  Symptom 

Total  (D) 

NS 

NS 

NS 

ns 

+0.041 

NS 

Positive  Symptom 

Distress  Index  (D) 

NS 

ns 

NS 

ns 

NS 

NS 

Physical  Examination: 
MC^^ 

Basic  Personalitv  Patterns 
Schizoid  Score  (C) 

NS* 

NS 

+<0.001 

NS* 

NS 

+<0.001 

Avoidant  Score  (C) 

+0.028 

NS 

+<0.001 

NS* 

NS 

+<0.001 

Dependent  Score  (C) 

NS 

NS 

+0.033 

NS 

NS 

+0.023 

Histrionic  Score  (C) 

ns* 

ns 

-0.001 

ns* 

ns 

-<0.001 

Narcissistic  Score  (C) 

ns 

ns 

-0.015 

ns 

ns 

-0.005 

Antisocial  Score  (C) 

ns 

NS 

ns 

ns 

NS 

ns 

Compulsive  Score  (C) 

ns 

ns 

ns 

ns 

ns 

ns 

Passive- Aggressive 

Score  (C) 

NS 

NS 

+0.037 

NS 

+0.044 

+0.007 

TABLE  9-56.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Variable 


Unadjusted 


_ MinirnsJ _  _ _ M.a2dmal _ _ _ 

C*T  <18.6  >18.6  C*T  <18.6  >18.6 


Physical  Examination: 
MCMI  (continued) 


Pathological  Personality  Disorders 


Schizot^xial  Score  (C) 

NS 

NS 

Borderline  Score  (C) 

NS 

ns 

Paranoid  S'  ore  (C) 

NS 

NS 

ainical  Symptom  Syndromes 

Anxiety  Score  (C) 

NS 

ns 

Somatoform  Score  (C) 

NS 

NS 

Kj'potnania  Score  (G) 

ns 

ns 

Dysthymia  Score  (C) 

NS 

NS 

Alcohol  Abuse  Score  (C) 

NS' 

ns 

Drug  Abuse  Score  (C) 

ns 

NS 

Psychotic  Thiiiidng 

Score  (C) 

NS* 

NS 

Psychotic  Depression 

Score  (C) 

NS 

NS 

Psychotic  Delusion 

Score  (C) 

NS 

NS 

-(-<0.001 

NS 

-hO.037 

-(-<0.001 

NS 

NS 

NS 

NS* 

NS 

ns 

NS 

NS 

•(“0.026 

ns 

f0.038 

-fO.028 

NS 

ns 

NS* 

NS 

ns* 

ns 

ns 

-0.050 

NS 

NS 

NS 

NS* 

NS 

NS 

ns 

NS 

ns 

ns 

NS 

ns 

-(-<0.001 

NS* 

NS 

-(■<0.001 

-rO.'X)6 

NS 

NS 

■(•<0  001 

•ri).041 

NS 

NS 

+0.020 

®Negaiive  slope  considered  adverse  for  chis  variable. 

C;  Continuous  analysis. 

D:  Discreto  analysis. 

C^T;  Relative  risk/slope  for  518  6  category  less  than  reiauve  risWslcpe  for  >18.6  category. 

518.6  and  >18.6:  Relative  risk  1.00  or  greater  for  discrete  atialysis;  slope  nonnegative  for  continuous  analysis. 
C*T:  Relative  risk'slope  for  513.6  category  greater  than  relative  risWslofe  for  >18.6  category. 

518.6  and  >18.6:  Relative  risk  less  than  1.00  for  discrete  araiysis;  slope  negaave  for  continuous  analysis. 

NS/ns:  .Not  significant  (p>0. 10). 

NS*/ns*:  Marginally  significant  (0.05<p<0.10). 

Note:  P-viluc  given  if  p<0.05. 

C*T:  Log2  (current  dioiin)-by-titne  interaction  hypothesis  tesL 

.518.6:  Log2  (current  diosin)  h;vpothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  of  18.6  years  or  less. 
>13.6:  Log2  (current  dioxin)  hypothesis  test  for  Ranch  Hands  with  time  since  end  of  tour  greater  than  13.6 
years. 

A  capital  “No"  denotes  relative  rislc'slope  for  <18.6  category  less  than  lelative  risWslope  for  >18.6  category, 
relative  risk  l.(X)  or  greater  for  di.screte  analysis,  or  slope  nonnegative  for  continuous  analysis:  a  lowercase 
“ns"  denotes  relative  nsk/slope  fo'  518.6  ca.cgory  greater  than  relative  risWslope  for  >18.6  category,  relative 
risk  less  than  1.00  for  discrete  analysis,  or  slope  negative  for  continuous  analysis. 
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TABLE  9-56.  (Continued) 

Summary  of  Current  Dio.dn  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Adjusted 

Maimal _  _ Maximal 


Variable 

C*T 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Questionnaire: 

Verified 

Psychoses  (D) 

ns 

ns 

ns 

ns 

NS 

ns 

Alcohol  Dependence  (D) 

ns 

NS 

ns 

ns 

NS 

ns 

Anxiety  (D) 

NS 

NS 

NS 

ns 

NS 

NS 

Other  Neuroses  (D) 

ns 

NS 

ns 

ns 

NS* 

ns 

Questionnaire: 

Sleep  Disorders 

Trouble  Falling  Asleep  (D) 

NS 

ns 

ns 

ns 

ns 

ns 

Waking  Up  During  the 

Night  (D) 

**** 

**** 

**** 

Waking  Up  Too  Early 
and  Can’t  Go  Back 
to  Sleep  (D) 

ns 

NS 

ns 

ns 

NS 

ns 

Waking  Up 

Unrefreshed  (D) 

**  (NS) 

**  (ns) 

**  (NS) 

NS 

ns 

NS 

Involuntarily  Falling 

Asleep  During 
the  Day  (D) 

ns 

NS 

ns 

ns* 

NS 

ns 

Great  or  Disabling 

Fatigue  During 
the  Day  (D) 

**** 

ns 

NS 

ns 

Frightening  Dreams  (D) 

**** 

**** 

**  (ns) 

**  (+0.033) 

**  (NS) 

Talking  in  Sleep  (D) 

ns 

NS 

NS 

ns 

NS 

NS 

Sleepwalking  (D) 

NS 

ns 

NS 

NS 

NS 

NS 

Abnormal  Movement/ 
Activity  During  die 

Night  (D) 

ns 

NS 

ns 

NS 

NS 

NS 

Sleep  fh-oblems 

Requiring  Medication  (D) 

NS 

ns* 

ns* 

NS 

ns 

ns* 

Snore  Loudly  in  All 

Sleeping  Positions  (D) 

ns 

ns 

ns 

ns 

NS 

NS 

Insomnia  (D) 

ns 

NS 

ns 

ns* 

NS 

PS* 

Overall  Sleep  Disorder 
Index  (D) 

ns 

ns 

ns* 

ns 

NS 

ns 

Average  Sleep  Each 

Night^  (C) 

**** 

***% 

**  (NS) 

**  (ns) 

**  (ns) 
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TABLE  9~S6.  (Continued) 


Summary  of  Currant  Dioxin  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minima!  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Adjusted 

Mniiml _  _ MMimal 


Variable 

err 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Physical  Examination: 
SCL-90-R 

Anxiety  (D) 

NS* 

ns 

+0.028 

NS 

NS 

NS 

Depression  (D) 

NS 

ns 

NS 

ns 

NS 

NS 

Hostility  (D) 

NS 

ns 

ns 

ns 

NS 

ns 

Interpersonal 

Sensitivity  (D) 

ns 

NS 

NS 

ns 

NS* 

NS 

Obsessive-Compulsive 
Behavior  (D) 

NS 

ns 

NS 

ns 

NS 

NS 

Paranoid  Ideation  (D) 

ns 

ns 

ns 

ns 

NS 

ns 

Phobic  Anxiety  (D) 

**  (NS) 

**  (ns) 

•*  (NS) 

**  (ns) 

**  (NS) 

**  (NS) 

Psychoticism  (D) 

NS 

NS 

NS 

ns 

NS 

NS 

Somatixation  (D) 

+0.025 

ns 

NS* 

**  (NS) 

**  (NS) 

**  (NS) 

Global  Severity  todex  (D) 

**  (NS) 

**  (NS) 

**  (NS) 

ns 

NS 

NS 

Positive  Symptom 

Total  (D) 

NS 

NS 

NS 

ns 

NS 

NS 

Positive  Symptom 

Distress  Index  (D) 

NS 

ns 

NS 

ns 

NS 

NS 

Physical  Examination: 
MCiVn 


Basic  Psrsonalir/  Patterns 
Schizoid  Score  (C) 

NS* 

NS 

+0.001 

**  (+0.044) 

**  (NS) 

**  (+<o.oon 

Avoidant  Score  (C) 

+0.029 

NS 

+<0.001 

+0.(W5 

ns 

+0.006 

Dependent  Score  (C) 

NS 

NS 

+0.020 

NS 

NS 

+0.026 

Histrionic  Score  (Q 

ns 

ns 

-0.006 

**** 

Narcissistic  Score  (C) 

ns 

NS 

ns* 

ns* 

ns 

-0.009 

Antisocial  Score  (C) 

ns 

NS 

ns 

ns 

NS 

ns 

Compulsive  Score  (C) 

ns 

N3 

NS 

ns 

NS 

NS 

Passive- Aggressive 

Score  (C) 

NS 

ns 

NS 

NS 

NS 

NS 

Schizotypal  Score  (C)  NS 

NS 

+  0.002 

NS 

NS 

+0.002 

Borderline  Score  (C) 

NS 

ns 

NS 

NS 

NS 

NS 

Paranoid  Score  (C) 

NS 

NS 

NS 

ns 

NS 

NS 

TABLE  9-56.  (Continued) 


Summary  of  Current  Dioxin  and  Time  Analyses  for  Psychology 
Variables  Based  on  Minimal  and  Maximal  Assumptions 
(Ranch  Hands  Only) 


Minimal 

Adjusted 

Mn.xim3L 

Variable 

C*T 

<18.6 

>18.6 

C*T 

<18.6 

>18.6 

Physical  Examination: 
MCMI  (continued) 

Ciinicn!  Sv'nritnm  Svneir 
Arixietv  Score  (C) 

NS 

ns 

NS* 

ns 

NS 

NS 

Somatoform  Score  (C) 

NS 

NS 

NS 

ns 

+0.030 

NS 

Hypomania  Score  iC'; 

n  s 

ns 

ns“ 

ns 

NS 

-0.045 

Dvsthymia  Score  (C) 

NS 

NS 

NS 

NS 

NS 

NS* 

Alcohol  Abuse 

Score  (C) 

NS 

ns 

NS 

NS 

ns 

ns 

Drug  .\busc  Score  (C) 

ns 

NS 

ns 

ns 

NS 

ns 

Psychotic  Thinking 

Score  (C) 

NS* 

NS 

+<0.001 

NS* 

NS 

+0.001 

Psychotic  Depression 
Score  (C) 

NS 

NS 

+0.034 

NS 

NS 

+0.017 

Psychotic  Delusion 
Score  (C) 

NS 

ns 

NS 

NS 

ns 

NS* 

‘Negative  slope  considered  adverse  for  this  variiS'.e. 

C:  Continuous  tnsl>T.s. 

D:  Discrete  .wsJysrS. 

*:  C’7:  Relative  rislo'sJope  for  SIS, 6  category  less  titan  -eliuve  risk/siope  for  >18.6  category. 

515. 6  and  >!S,6;  Reutive  nsk  l.CO  or  greater  for  discrete  analysis;  slope  nonnegative  for  continuous  analysis. 
C*T:  Relative  nsicysl.ope  for  SIS. 6  cjt.esor/  ireitrr  than  relative  nsit'-iepe  for  >18.6  category. 

518.6  and  >18,6:  Relative  nsk  less  than  l.'iX)  for  discrete  analysis;  slope  negative  for  continuous  analysis. 

NS/ns;  Not  significant  (p>'i.I01. 

NS*/ns*:  .Margunally  significant  t0,(}5<p<0.]01. 

**  IN.I)/**  fnsi;  tasg-i  (current  dioxin)-6y.fjnc-6y .covaraie  interaction  fO.Ol <p<0,05);  not  significant  when 

tnieraclion  is  deleted;  refer  :o  Appendix  Table  H-1  for  a  detailed  descnptiori  of  this  inter.action. 

••  (...):  Categorized  current  dioiin-by-covanate  uuerrction  t0.0I<p<0.05);  sigruficant  when  interaction  is  deleted 
and  p-value  is  given  in  parentheses;  refer  U)  Appendix  Table  H-I  for  a  detailed  description  of  this 
interaction, 

•***;  Logo  (cuneni  dioxinl-by-time-by-covaiiaie  Lnieracton  fpSO.OI);  refer  to  Appendix  Tabic  H-1  for  a  detailed 
description  of  Lhis  ir.trracticn. 

.Note:  P.v.aJue  given  if  pSO.CJ. 

C*T:  Logo  (current  dioxin i-by-iime  interaction  hypothesis  test. 

<13.6:  Logo  feunent  dioxini  hypothesis  test  .’’or  Ranch  Hands  wtuh  h.-ne  since  end  of  tour  of  13.6  yei-s  or  less. 
>1S.6  Logo  (current  dioxm)  hypothesis  lest  for  Ranch  Hands  with  tune  since  end  of  tour  greater  than  18. b 
years, 

A  capita]  "NS"  denotes  re’.a'ive  risit'slope  fer  SIS. 6  category  less  than  relative  risk/'slope  for  >18.6  category, 
reiatr. 0  risk  l.Cf)  or  gre  uer  for  discrcie  analysis,  or  slope  ncnr.egative  for  continuous  analysis;  a  lowercase 
"os"  denotes  relative  risk-slope  .^cr  <13,6  category  greater  th.-un  relative  risk/slope  for  >1S,6  category,  relalive 
nsk  less  th.xn  1.00  tor  discrete  inaivsis,  or  slope  negative  for  conimuous  analysis. 
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TABLE  9-57. 

Summary  of  Categorized  Current  Dioxin  Analyses  for  Psychology  Variables 
(Ranch  Hands  and  Comparisons) 


Unadjusted 

! 

Unknown 

Low 

High 

1 

versus 

versus 

versus 

I 

Variable 

All 

Background 

Backeround 

Backtground 

Questionnaire: 

1 

Verified 

1 

Psychoses  (D) 

NS 

ns 

ns 

ns 

Alcohol  Dependence  (D) 

NS 

NS 

ns 

NS 

Anxiety  (D) 

NS 

r  0 

NS 

NS 

iki 

f 

Other  Neuroses  (D) 

0.008 

ilS 

+0.003 

NS 

}; 

Questionnaire: 

r 

Sleep  Disorders 

f 

1 

Trouble  Falling  Asleep  (D) 
Waking  Up  During  the 

NS 

ns 

ns* 

ns 

Night  (D) 

Waking  Up  Too  Early 

NS 

ns 

ns 

ns 

r 

, 

and  Can’t  Go  Back 
to  Sleep  (D) 

NS 

ns 

ns 

ns 

} .. 

t.-. 

h 

Waking  Up  Unrcfreshcd  (D) 
Involuntarily  Falling 

NS* 

ns* 

ns 

NS 

Asleep  During  the  Day  (D) 
Great  or  Disabling 

NS 

NS 

ns 

NS 

Fatigue  During  the  Day  (D) 

NS 

ns 

NS 

NS 

Frightening  Dreams  (D) 

0.010 

ns 

ns 

+(),(X)2 

J 

Talking  in  Sleep  (D) 

NS 

ns 

ns 

+0.038 

■ 

Sleepwalking  (D) 

Abnormal  Movement/ 

NS 

NS 

n  s 

NS 

'  : 

Activity  D'oring  the  Night  (D) 
Sleep  ProblemiS 

NS 

ns 

NS 

n  s 

Requiring  Medication  (D) 
Snore  Loudly  in  Ad 

NS 

N3 

NS 

ns 

Sleeping  Positions  (D) 

NS 

ns 

NS 

NS 

'  '  i 

Insomnia  iD) 

Overall  Sleep  Disorder 

.N'S 

ns 

n  s 

n  s 

■ 

Index  fD) 

Average  Sleep  Each 

NS 

ns 

NS 

NS 

Night^  (C) 

NS 

NS 

NS 

n  s 

i 


1 


TABLE  9-57.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses  for  Psychology  Variables 
(Ranch  Hands  and  Comparisons) 


Unadjusted 


Variable 


Physical  Examination: 
SCL-90-R 

Anxiety  (D) 

Depression  (Dj 
Hostility  (D) 

Interpersonal 
Sensitivity  (D) 
Obsessive-Compulsive 
Behavior  (D) 

Paranoid  Ideation  (D) 
Phobic  Anxiety  (D) 
Psychoticism  (D) 
Somatization  ID) 

Glouai  Severiry  Index  ID) 
Positive  Symptom 
To'aJ  ID) 

Positive  Symptom 
Distress  Index  (D) 

Phvsica!  Examination: 
MCMI 

B ;* 5J c  Person aJi.; yjpp n t: m.5 
Schizoid  Score  (O 
Avoidant  Score  tC) 
Dependent  Score  (C) 
Hisrnonic  Score  IC) 
Naxcissisric  Score  IC) 
Antisocial  Score  (C) 
Comp'iisivc  Score  (C) 
Passive- A  '/.'’ressivc 
Score  (C) 

Schi/otypa.l  Score  (') 
iiordcrline  Scf're  (C) 
I’^aranoid  Score  ((I) 


All 

Unknown 

versus 

Background 

0.043 

ns 

NS* 

ns 

NS 

ns 

NS 

ns 

NS* 

ns 

NS 

ns 

C.042 

-0.024 

NS 

ns 

NS 

ns 

0.025 

ns 

NS* 

ns 

NS* 

ns 

<0  001 

ns 

0.0,S5 

ns 

0.033 

-0.032 

0.014 

NS 

0.025 

e0),C-lS 

NS* 

NS 

NS 

NS 

NS  * 

n  s 

^5 

0  <x}.? 

n  s 

NS 

-0  013 

N  .S 

NS 

Low  High 

versus  versus 

Barksxound  Background 


NS 

+0.012 

NS 

+0.015 

NS 

NS 

ns 

NS 

NS 

NS* 

NS 

ns 

NS 

NS 

ns 

NS 

NS 

NS* 

NS 

+0.005 

NS 

+0.019 

NS 

NS 

NS 

+<0.C01 

NS 

+0.032 

ns* 

NS 

ns 

-0.003 

NS 

n  .s 

+0.016 

NS 

NS 

n  s 

NS. 

N5 

V  C 
.  <  ^ 

+0.004 

n  s 

NS 

NS 

NS 

TABLE  9-57.  (Continued) 

Summary  of  Categorized  Current  Dioxin  Analyses  for  Psychology  Variables 
(Ranch  Hands  and  Comparisons) 


Unadjusted 

Unknown 

Low 

High 

versus 

versus 

versus 

Variable 

AU 

Backeround  Background 

Back'tround 

Physical  Examination: 

MCNO  (ccnfiniicd) 

GinicaJ  Symotom  Svrdrom-s 

Anxiety  Score  (C) 

0.038 

-0.023 

ns 

NS 

Somatotbrm  Score  (C) 

NS 

ns 

ns 

NS 

Hypomania  Score  (C) 

NS 

NS 

NS 

ns* 

Dysthy;raa  Score  (C) 

Alcohol  Abuse 

NS 

ns* 

Its 

NS 

Score  (C) 

NS 

ns 

ns 

ns 

Drug  Abuse  Score  (C) 
Psychotic  Thinking 

NS 

ns 

NS 

ns 

Score  (C) 

Psychotic  Depression 

0.004 

ns* 

ns 

+0.012 

Score  »C; 

Psychotic  Delusion 

NS* 

ns* 

ns 

NS 

Score  (C) 

NS* 

NS 

NS* 

+0.026 

fiiffeffnct?  f nfi.ni<jcfr<i  for  (his  vviablc. 

C;  Conlinuotts  anaiy^ij. 

D:  Disc-rijtts  Analy^ij, 

Rciaijvis  n«,ic  l.(X)  or  .7,rr.t:«?r  for  dis^rrete  antlytii:  tn  nonnrsjaJivf  for  cnniinuntjt 

•  :  Relative  f7»k  !»*ii  than  \.('A)  for  ditcrrie  tntlytii:  diffcrmcc  in  means  ne^siive  for  ccnimuoui  Analysis. 

NS/ni:  Noi  sisinincam 

^fS•/ns•:  Marginally  5isrntnc»nl  (0  O5''‘p;^0. 10). 

.Vote:  P-v.iJue  i?,ivrn  if  ;k.')i)5. 

A  c«riul  “No**  'inr'c'es  rrlauve  n^k  l.OO  or  ^reaicr  r('T  diurf'c  aralv^s  or  <in’'‘'irnc. e  of  mr«n5  nonrrvvitive 
for  a^sniinuoMS  m.iiyttj;  i  ’.ow<^c.i.tc  ‘‘rj*’  dcnoici  rrUtivc  nik  :h.in  I  i'’')  for  ’Incrrtc  ^nalv-.is  or 
differeT-xr!  of  mr.sr».i  nririiive  for  ccnunuoui  anAlysts;  a  captul  "N'S’*  m  i>.c  first  column  does  not  imply 
direciionality, 


Adjusted 


Unknown  Low  High 

versus  versus  versus 

Variable _ M _ Background  Background  Background 

Questionnaire; 

Verified 


Psychoses  (D)  NS 

Alcohol  Dependence  (D)  NS 

Anxiety  (D)  NS 

Other  Neuroses  (D)  0.024 

Questionnaire: 

Sleep  Disorders 

Trouble  Falling  Asleep  (D)  NS* 

Waking  Up  During  tlic 
Night  CD)  ••  (NS) 

Waking  Up  Too  Early 
and  Can’t  Go  Back 
to  Sleep  (D)  NS 

Waking  Up  Unrefreshed  CD)  NS 

Involuntarily  Falling 
Asleep  During  the  Day  (D)  NS 

Great  or  Di.sabiing 


Fatigue  During  the  Day  CD)  NS 


Frightening  Dreams  (D)  0.035 

Talking  in  Sleep  CD)  NS 

Sleepwalking  (D)  NS 

Abnormal  Movement/ 

Activity  During  the 
Night  (D)  NS 

Sleep  Problems 

Requiring  Medication  CD)  NS 

Snore  Loudly  in  All 
Sleeping  Positions  (D)  0.049 

In.sornnia  CD)  NS 

Ovcnill  Sleep  Disorder 
Index  CD)  NS 

Average  Sleep  Each 
Night'*  CC)  NS 


ns 

ns 

ns 

NS 

ns 

NS 

ns 

NS 

NS 

NS 

+0.003 

NS 

ns’ 

ns* 

ns* 

••  (ns) 

••  (ns) 

**  (ns) 

ns 

ns 

ns 

ns* 

ns 

NS 

NS 

ns 

NS 

ns 

NS 

ns 

ns 

ns 

+0.007 

NS 

ns 

NS 

NS 

ns 

NS 

ns 

NS 

ns 

NS 

NS 

ns 

-0.050 

NS 

NS 

n.s 

ns 

ns 

ns 

ns 

NS 

NS 

NS 

ns 
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TABLE  9-57.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses  for  Psychology  Variables 
(Ranch  Hands  and  Comparisons) 


Adjusted 


Unknown 

Low 

High 

versus 

versus 

versus 

Variable 

All 

Background 

Background 

Background 

Physical  Examination: 

SCL.90-R 

Anxiety  (D) 

NS 

ns 

NS 

NS 

Depression  (D) 

NS 

ns 

NS 

NS* 

Hostility  (D) 

Interpersonal 

NS 

ns 

NS 

ns 

Sensitivity  (D) 
Obsessive-Compulsive 

NS 

ns 

ns 

NS 

Behavior  (D) 

NS 

ns 

NS 

NS 

Paranoid  Ideation  (D) 

NS  . 

ns 

NS 

ns 

Phobic  Anxiety  (D) 

NS* 

-0.033 

NS 

ns 

Psychodcistn  (D) 

NS 

ns 

ns 

NS 

Somarization  (D) 

**  (NS) 

**  (NS) 

•*  (NS) 

**  (NS) 

Global  Severity  Index  (D) 
Positive  Symptom 

NS 

ns 

NS 

NS* 

Total  (D) 

Positive  Symptom 

NS 

ns 

NS 

NS 

Distress  Index  (D) 

NS* 

ns 

NS 

NS 

Physical  Examination: 

MCMI 

B.i2,sic.. Personality  Paiiems 
Schizoid  Score  (C) 

0.027 

ns 

NS 

+0.006 

Avoidant  Score  (C) 

NS 

ns 

NS 

NS 

Dependent  Score  (C) 

NS 

ns 

-0.037 

NS 

Histrionic  Score  (C) 

NS 

ns 

ns 

-0.020 

Narcissistic  Score  fC) 

NS* 

NS* 

NS 

ns 

Anrisocia!  Score  (C) 

**  (NS*) 

**  (NS) 

•*  (+0.012 

)  **  (NS) 

Compulsive  Score  (C) 

Passive- Aggressive 

NS 

NS 

NS 

NS 

Score  (C) 

**  (NS) 

••  (ns) 

*•  (NS) 

**  (NS) 

Pathological  Persrinalitv  Disord' 

Schizot^vtral  Score  (C) 

NS* 

ns 

ns 

+0.029 

Borderline  Score  (C) 

**  (NS) 

**  (ns) 

*•  (ns) 

**  (ns) 

Paranoid  Score  (C) 

NS 

NS* 

NS 

NS 
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TABLE  9-57.  (Continued) 


Summary  of  Categorized  Current  Dioxin  Analyses  for  Psychology  Variables 
(Ranch  Hands  and  Comparisons) 


Variable 

All 

Unknown 

versus 

Background 

Adjusted 

Low 

versus 

Backoround 

High 

versus 

Background 

Physical  Examination: 

MGVII  (continued) 

Clinical  SvTnDtom  $vridrpme5 

Anxiety  Score  (C) 

(NS) 

**  (ns) 

**  (ns) 

**  (NS) 

Somatoform  Score  (C) 

**  (NS) 

**  (ns) 

**  (ns) 

**  (NS) 

Hypemania  Score  (C) 

*  4t  * 

Dysthymia  Score  (C) 

•*  (NS) 

**  (ns) 

**  (ns) 

**  (NS) 

Alcohol  Abuse  Score  (C) 

Drug  Abuse  Score  (C) 

NS 

ns 

NS 

ns 

Psychotic  Thinldng  Score  (C) 
Psychotic  Depression 

NS 

ns 

ns 

NS 

Score  (C) 

NS 

ns 

ns 

NS 

Psychotic  Delusion  Score  (C) 

NS 

NS 

NS 

NS 

*Negalive  difference  cotuidcred  sdverje  for  this  viriablc. 

C;  Continuous  analysis. 

D:  Discrete  analysis. 

+:  Relative  risk  1.00  or  greater  for  discrete  analysis:  difference  in  means  nonnegative  for  continuous  analysis. 

Relative  risk  Ie.3s  than  1.00  for  discrete  analysis;  difference  in  means  negative  for  continuous  analysis. 

NS/ns:  Not  significant  (p>0. 10). 

NS’/ns*:  MarginaJly  significant  (0.05<ps0. 10). 

••  (NS)/*«  (ns):  Categorized  current  dioxm-by-covariate  Lnieraction  (0.01  <p<0.05);  not  significant  when  interaction 
is  deleted;  refer  to  Appendix  Table  H-1  for  a  <let.iiled  description  of  thia  interaction. 

•*  (NS*):  Categorized  current  dioain-by-covaiiate  inter.-«'.tion  (O.Olcp^O.OS),  maxginslly  significant  when  interaciian 
is  deleted;  refer  to  Atrpendii  Table  H-1  for  a  deuiled  description  of  this  interaction. 

•*  (...):  Categorized  currci.t  dioain-by-covoriate  interaction  (0.01<pi0.05);  significant  when  interaction  is  deleted  and 
p-value  is  given  in  parcnthese.s:  refer  to  Arpendiz  Table  H-I  for  a  deuiled  description  of  this  interaction. 
••••;  Logj  (current  dioxin;-by-time-by-cov.inate  inicracuon  (piO.Ol);  refer  to  Appendiz  Table  H-1  for  a  detailed 
description  of  this  interaction. 

Note:  P-value  given  if  p<0.05. 

A  capital  "NS'’  denotes  rehitive  risk  1.00  or  gre.aier  for  discrete  .analysis  or  difference  of  me.ans  nonnegative 
for  continuous  insJysis;  a  lowercase  "ns”  denotes  relaiive  risk  less  th.an  I. CO  for  discrete  analysis  or 
difference  of  means  negative  for  contmuous  analysis:  a  capiial  "NS”  Ln  the  first  column  does  not  imply 
directionality. 
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The  adjusted  analyses  of  the  verified  psychological  disorder  variables  did  not  detect  any 
significant  interactions  between  current  dioxin  and  time  since  tour  or  any  significant 
associations  with  current  dioxin  within  the  time  strata.  There  was  a  marginally  significant 
positive  association  exhibited  between  other  neuroses  and  current  dioxin  for  Ranch  Hands  in 
the  maximal  cohon  with  18.6  years  or  less  since  the  end  of  their  tour. 


Model  3:  Ranch  Hand  and  Comparisons  by  Current  Dioxin  Category 

In  the  unadjusted  analyses  of  the  verified  psychological  variables,  other  neuroses  was 
the  only  variable  with  a  significant  overall  contrast  of  the  four  current  dioxin  categories  (Table 
9-57:  p=0.008).  For  this  variable,  the  percentage  of  verified  cases  was  significantly  higher 
for  the  Ranch  Hands  in  the  low  ctirrent  dioxin  category  than  for  the  Comparisons  in  the 
background  category  (p=0.(X)3). 

The  adjusted  analyses  shov/ed  results  similar  to  those  of  the  unadjusted  analyses. 
Other  neuroses  was  the  only  verified  psychological  variable  to  have  a  significant  overall 
contrast  (Table  9-57:  p=0.024),  and  the  contrast  of  the  low  versus  background  category  was 
again  significant  (p=0.(X)3)  with  the  percentage  of  verified  cases  higher  for  the  low  category. 


Questionnaire:  Sleep  Disorders 

Based  on  participants’  responses  to  a  series  of  questions  regarding  sleep  problems,  12 
disorders  were  analyzed.  In  addition,  insomnia  (defined  using  3  of  the  12  disorders),  are 
overall  sleep  disorder  index,  and  average  sleep  each  night  were  analyzed.  Ranch  Hands  and 
Comparisons  with  PTSD  based  on  the  1985  MMPI  were  excluded  from  the  analyses  of  the 
sleep  disorder  variables. 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

Unadjusted  analyses  found  that  none  of  the  sleep  disorders  was  significantly  associated 
wnth  initial  dioxin  under  the  minimal  assumption.  However,  under  the  maximal  assumption, 
the  sleep  disorders  of  waking  up  unrefreshed  and  frightening  dreams  were  significantly 
related  to  an  increase  in  initial  dioxin  (Table  9-55:  p=0.027  and  p=0.025,  respectively). 

Under  both  assumptions,  the  adjusted  analysis  found  significant  negative  relationships 
between  initial  dioxin  and  the  disorder  of  sleep  problems  that  required  medication  (Table 
9-55:  p=  .023  for  the  minimal  assumption  and  p=0.032  for  the  maximal  assumption).  Also, 
under  the  m.aximal  assum.ption,  there  was  a  marginally  significant  positive  association 
betv/cen  initial  dioxin  and  the  percentage  of  Ranch  Hands  who  reported  having  trouble  falling 
asleep.  Similarly,  under  the  maximal  assumption,  there  was  a  marginally  significant  positive 
association  between  initial  dioxin  and  the  frequency  of  Ranch  Hands  who  experienced 
frightening  dreams. 

Tab.e  9-58  lists  several  signiticant  initial  dioxin-by-covariate  interactions  in  the 
adjusicd  analyses.  Stratified  results  showed  older  Ranch  Hanos  and  Ranch  Hands  with  a 
college  education  generally  had  a  positive  association  between  initial  dioxin  and  the  sleep 
disorders  while  younger  Ranch  Hands  and  Ranch  Hands  with  a  high  school  education  had  a 
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TABLE  9-58. 


Summary  of  Dioxin-by-CovarJate  Interactions  from 
Adjusted  Analyses  of  Psychology  Variables 


Variable _ Assumption _ Covariate 

Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 


Waking  Up  Too  Early  and  Can’t  Go 


Back  to  Sleep 

Involuntarily  Fdling  Asleep  During 

Minimal 

AGE 

the  Day 

Involunta:^y  Falling  Asleep  During 

Minimal 

RACE 

the  Day 

Maximal 

RACE 

Frightening  Dreams 

Minimal 

EDUC 

Sleepwalking 

Minimal 

EDUC 

Snore  Loudly  in  All  Sleeping  Positions 

Minimal 

AGE 

Interpersonal  Sensitivity  (SCL-90-R) 

Minimal 

EDUC 

Avoidant  Score  (MCMI) 

Minimal 

EDUC 

Antisocial  Score  (MCMI) 

Minimal 

ALC 

Antisocial  Score  (MCMI) 

Maximal 

ALC 

Borderline  Score  (MCMI) 

Maximal 

EDUC 

Anxiety  Score  (MCMI) 

Minimal 

RACE 

Anxiety  Score  (MCMI) 

Maximal 

RACE 

Hypomamia  Score  (MCMI) 

Minimal 

RACE 

Hypomania  Score  (MCMI) 

Maximal 

RACE 

Dysthymia  Score  (MCMI) 

Minimal 

RACE 

Dysthymia  Score  (MCMI) 

Maximal 

RACE 

Model  2;  Ranch  Hands 

-  Log2  (Current  Dioxin)  and  Time 

Waking  Up  During  the  Night 

Minimal 

AGE 

Waking  Up  During  the  Night 

Maximal 

ALC 

Waking  Up  Unrefreshed 

Great  or  Disabling  Fatigue  During 

Minimal 

AGE 

the  Day 

Minimal 

AGE 

Frightening  Dreams 

Minimal 

RACE 

Frightening  Dreams 

Maximal 

RACE 

Average  Sleep  Each  Night 

Minimal 

RACE 

Average  Sleep  Each  Night 

Maximal 

•RACE 

Phobic  Anxiety  (SCL-90-R) 

Minimal 

RACE 

Phobic  Anxiety  (SCL-90-R) 

Maximal 

RACE 

Somatization  (SCL-90-R) 

Maximal 

ALC 

Global  Severity  Index  (SCL-90-R) 

Minimal 

RACE 

Schizoid  Score  (MCMI) 

Maximal 

DRKYR 
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TABLE  9-58.  (Continued) 


Summary  of  Diosin-by-Covariate  Interactions  from 
Adjusted  Analyses  of  Psychology  Variables 


Variable 


Assumption _ Covariate 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 


Histrionic  Score  (MCMI) 

RACE 

Waking  Up  During  the  Night 

RACE 

Somatization  (SCL-90-R) 

RACE 

Antisocial  Score  (MCMI) 

ALC 

Passive-Aggressive  Score  CN'ICMI) 

AGE 

Borderline  Score  (MCMI) 

EDUC 

Anxiety  Score  (MCMI) 

RACE 

Somatoform  Score  (MCMI) 

-  - 

ALC,  DRKYR 

Hypomania  Score  (MCMI) 

RACE 

Dysthymia  Score  (MCMI) 

RACE 

Alcohol  Abuse  Score  (J/ICMI) 

RACE 

corresponding  negative  association.  After  deletion  of  these  interactions  from  the  adjusted 
models,  none  of  the  variables  exhibited  a  significant  association  with  inidal  dioxin. 


Model  2:  Ranch  Hands  •  Log2  {Current  Dioxin)  and  Time 

The  unadjusted  current  dioxin  and  time  since  tour  analyses  of  the  sleep  disorder 
variables  did  not  exhibit  any  significant  results  under  the  minimal  assumption.  Tne  maximal 
unadjusted  aj'.aJyses  detected  a  marginally  significant  current  dioxin-by-time  interaction  for 
the  variables  involuntarily  falling  asleep  during  the  day  and  insomnia  However,  the 
associations  within  the  time  strata  were  nonsignificant  for  both  of  these  variables. 


Also  under  the  maximal  assumption,  the  unadjusted  analysis  displayed  a  significant 
positive  association  between  current  dioxin  and  wal^g  up  unrefreshed  for  the  time  greater 
than  18.6  years  stramm  and  between  current  dioxin  and  frightening  dreams  for  the  less  than 
or  equal  to  18.6  years  time  stratum  (Table  9-56:  p=0.030  and  p=0.011,  respectively). 

The  adjust  xl  analysis  of  the  minimal  cohon  was  similar  to  the  corresponding  unadjusted 
analysis.  There  were  no  significant  current  dioxin-by-time  since  tour  interactions  for  the 
minimal  cruon,  but  there  were  marginally  significant  negative  associations  between  current 
dioxin  and  sleep  problems  requiring  medication  for  both  time  strata  and  between  current 
dioxin  and  the  overall  sleep  disorder  index  for  Ranch  Hands  with  early  tours.  Under  the 
max'mal  assumption,  the  currant  dioxin- by-time  since  tour  interaction  was  marginally 
sig,iificant  for  both  involuntarily  falling  asleep  during  the  day  and  insomnia  Also,  after  the 
deletion  of  a  current  dioxin-by-time-by-race  interaction,  the  maximal  analysis  detected  a 
significant  positive  association  between  current  dioxin  and  frightening  dreams  for  the  less 
than  or  equal  to  18.6  years  time  stratum  (Table  9-56:  p=0.033).  For  Ranch  Hands  with  early 
tours,  there  were  marginally  significant  negative  associations  with  current  dioxin  for  sleep 
problems  requiring  medication  and  insomnia. 


For  several  of  the  sleep  disorder  variables,  there  was  a  significant  interaction  among 
current  dioxin,  time  since  tour,  and  one  of  the  covariates  (listed  in  Table  9-58).  Four  of  these 
interactions  were  with  the  race  covariate  and  were  mainly  caused  by  the  sparse  number  of 
Blacks  with  sleep  disorders  in  the  analyses. 


Model  3:  Ranch  Hands  and  Comparisons  by  Current  Dioxin  Category 

The  unadjusted  and  adjusted  analyses  of  the  sleep  disorder  variables  and  categorized 
current  dioxin  were  generally  not  significant.  In  the  unadjusted  analysis  of  trouble  failing 
asleep,  the  contrast  of  the  low  versus  background  current  dioxin  category  was  marginally 
significant  with  the  prevalence  of  trouble  failing  asleep  lower  for  the  Ranch  Hands  in  the  low 
category  than  for  tiie  Comparisons  in  the  background  category.  The  unadjusted  analysis  of 
waking  up  unrefreshed  found  a  margir..illy  significant  overall  difference  among  the  current 
dioxin  categories,  'vith  the  percentage  of  cases  of  the  sleep  disorder  lower  for  the  Ranch 
Hands  in  the  unknown  category  than  for  the  Comparisons  in  the  background  catesory. 

In  the  unadjusted  analysis  of  the  sleep  disorder  variables  and  categorized  current 
dioxin,  frightening  dreams  was  the  only  variable  with  a  significant  overall  contrast  of  the  four 
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current  dioxin  categories  (Table  9-57:  p=0.010).  The  percentage  of  Ranch  Hands  in  the  high 
category  who  reponed  frightening  dreams  was  significantly  higher  than  the  corresponding 
percentage  of  Comparisons  in  the  background  category  (p=0.CX)2).  Similarly,  the  unadjusted 
analysis  of  talking  in  sleep  displayed  a  significandy  higher  prevalence  of  the  sleep  disorder  for 
Ranch  Hands  in  the  high  current  dioxin  category  than  for  Comparisons  in  the  background 
category  (p=0.038). 

The  adjusted  analysis  of  trouble  falling  asleep  detected  a  marginally  significant  overall 
contrast  of  the  four  current  dioxin  categories.  The  contrasts  of  low  versus  background  and 
high  versus  background  were  also  marginally  significant  with  the  prevalence  of  trouble  falling 
asleep  higher  for  Comparisons  in  the  background  category  than  for  Ranch  Hands  in  the  low 
and  high  categories.  The  unknown  versus  background  contrast  for  waking  up  unrefreshed 
was  also  marginally  significant  with  the  unknown  category  having  a  lower  percentage  of 
participants  with  the  sleep  disorder. 

In  the  adjusted  analysis,  the  only  sleep  disorders  with  a  significant  overall  contrast  of 
the  four  current  dioxin  categories  were  frightening  dreams  and  snore  loudly  in  all  sleeping 
positions  (Table  9-57:  p=0.n35  and  p=0.049,  respectively).  The  analysis  of  frightening 
dreams  found  the  percer'age  of  Ranch  Hands  in  the  high  category  who  reponed  frightening 
dreams  was  signifeanay  higher  than  the  percentage  of  Comparisons  in  the  background 
category  (p=O.OC7'.  In  contrast,  the  percentage  of  Ranch  Hands  in  the  unknown  category 
who  snored  loudly  in  all  sleeping  positions  was  significantly  lower  than  the  corresponding 
percentage  of  Comparisons  in  the  background  category  (p=0.050). 

Only  one  significant  categorized  current  dioxin-by-covariate  interaction  was  detected 
(listed  in  Table  9-53).  The  analysis  was  of  waiting  up  during  the  night,  and  the  covariate  was 
race.  This  interaction  was  also  most  likely  caused  by  the  sparse  number  of  Blacks  who 
reponed  waking  up  during  the  night 


Physical  Examination:  SCL-90-R  Variables 

fhe  SCL-90-R,  a  multidimensional  self-reponed  symptom  inventory  designed  to 
measure  symptomatic  psychological  distress,  presented  nine  primary  symptom  measures  and 
three  global  indices  of  distress  for  evaluation.  Participants  with  PTSD  based  on  the  1985 
MMPI  were  excluded  from  the  analysis  of  these  variables. 


Model  1:  Ranch  Hands  -  Log2  (Initial  Dioxin) 

In  the  unadiusted  analysis  of  the  minimal  cohon,  there  was  a  marginally  significant 
positive  association  between  initial  dio.xin  and  the  following  SCL-90-R  variables: 
depression,  obsessive-compulsive  behavior,  global  seventy  index,  and  positive  svmptom 
total.  Under  the  maximal  assumption,  the  positive  association  with  initial  dioxin  became 
significant  for  each  of  the  aforementioned  variables.  The  maximal  unadjusted  analysis  also 
detected  significant  positive  associations  -with  initial  dio.xin  for  anxiety  and  psychoricism  and 
marginally  signiucant  positive  associations  for  interpersonal  sensitivity  and  somatization. 
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After  adjusting  for  covariate  information,  the  minimal  analysis  of  die  SCL-90-R 
variables  did  not  detect  a  significant  association  with  initial  dioxin  for  any  of  the  variables. 
The  maximal  adjusted  analysis  did  detect  a  marginally  significant  positive  association 
between  initial  dioxin  and  obsessive-compulsive  behavior  and  psychoticism. 

The  adjusted  analysis  of  the  SCL-90-R  variables  and  initial  dioxin  only  detected  one 
significant  initial  dioxin-by-covariate  mteraction.  Under  the  minimal  assumption,  the 
analysis  of  interpersonal  sensitivity  displayed  a  significant  interaction  between  irJtial  dioxin 
and  education  (listed  in  Table  9-58),  but  stratified  results  did  not  show  a  significant  initial 
dioxin  effect  for  Ranch  Hands  widi  either  a  high  school  or  college  education  level.  After 
deletion  of  this  interaction  from  the  model,  the  analysis  of  interpersonal  sensitivity  remained 
nonsignificant 


Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

The  association  between  current  dioxin  and  the  SCL-90-R  variables  did  not  differ 
significantly  between  time  since  tour  strata  for  any  of  the  unadjusted  analyses  except  the 
minimal  analysis  of  somatization  (Table  9-  56:  p=0.015).  The  minimal  unadjusted  analysis  of 
this  variable  also  detected  a  marginally  significant  positive  association  with  current  dioxin  for 
Ranch  Hands  with  more  than  18.6  years  since  tour. 

For  anxiety  and  depression,  the  unadjusted  analysis  under  the  minimal  assumption 
detected  significant  positive  associations  with  current  dioxin  for  Ranch  Hands  with  greater 
than  18.6  years  since  tour  (Table  9-56;  p=0.031  and  p=0.017,  respectively).  Similar 
marginally  significant  associations  existed  for  the  corresponding  analyses  under  the  maximal 
assumption.  The  unadjusted  analysis  of  interpersonal  sensitivity  displayed  a  marginally 
significant  positive  association  with  current  dioxin  for  Ranch  Hands  vith  less  than  or  equal  to 
18.6  years  since  tour  under  the  minimal  assumption.  A  significant  positive  association 
exist^  for  the  same  analysis  under  the  maximal  assumption  (p=0.018). 

For  the  SCL-90-R  obsessive-corrpulsive  behavior  symptom,  the  minimal  unadjusted 
analysis  detected  a  significant  positive  association  with  current  dioxin  for  Ranch  Hands  with 
more  than  18.6  years  since  tour  (Table  9-56:  p=0.031).  The  maximal  analysis  of  this  same 
variable  displayed  a  significant  positive  associations  with  current  dioxin  for  both  time  strata 
(<18.6:  p=0.043;  >18.6:  p=0.018).  Tne  unadjusted  analysis  of  the  global  severity  index  also 
found  a  significant  positive  association  with  current  dioxin  for  Ranch  Hands  in  the  greater 
than  18.6  years  tknc  stratum  of  the  minimal  cohon  (p=0.026).  The  maximal  analysis  of  the 
global  severity  index  detected  a  positive  association  with  current  dioxin  of  borderline 
significance  for  both  time  strata.  Under  the  maximal  assumption,  the  unadjusted  analysis  of 
the  positive  symptom  total  exhibited  a  significant  positive  association  with  current  dioxin  for 
Ranch  Hands  with  18.6  years  or  less  since  tour  (p=0.041). 


Tne  adjusted  minimal  analyses  found  a  marginally  significant  current  dioxin -by- time 
since  tour  interaction  for  anxiety  and  significant  current  dioxin-by-time  interaction  for 
somatization  (Table  9-56:  p=0.025).  In  contrast,  the  same  analyses  restricted  to  Ranch 
Hands  with  more  than  18.6  years  since  tour  found  a  significant  positive  association  between 
amdety  and  current  dioxin  (p=0.028)  and  marginally  significant  positive  association  berveen 
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current  dioxin  and  somatization.  Under  the  maximal  assumption,  the  interaction  between 
current  dioxin  and  time  was  not  significant  for  any  SQ--90-R  variables.  Howc/cr,  for  Ranch 
Hands  with  less  than  or  equal  to  18.6  years  since  tour,  there  was  a  marginally  significant 
positive  association  between  current  dioxin  and  interpersonal  sensitivity. 


Table  9-58  lists  four  current  dioxin-by-time-by-covariatc  interactions  for  the  SCL-90- 
R  analyses.  Three  of  these  interactions  were  with  the  covariate  rroe  and  were  consequently 
caused  by  the  sparse  number  of  Blacks  with  abnormal  scores.  After  deletion  of  these 
interactions  from  the  models,  the  analyses  were  all  nonsignificant 


Model  3:  Ranch  Hands  and  Comparisons  by  Curreni  Dioxin  Category 

The  unadju.'tttd  analyses  of  categorized  current  dioxin  found  significant  overall 
differences  among  the  four  current  dioxin  categories  for  anxiety,  phobic  anxiety,  and  the  global 
severity  index  (Table  9-57:  p=0.043,  p=0.042,  and  p=0.025)  and  marginally  significant  overall 
differences  significant  overall  differences  for  depression,  obsessive-compulsive  behavior,  the 
positive  symptom  total,  and  the  positive  symptom  distress  index.  Specifically,  Ranch  Hands 
in  the  high  current  dioxin  category  had  a  significantly  higher  prevalence  of  anxiety  and 
depression  (p=0.012  and  p=0.015,  respectively),  and  a  significantly  greater  percentage  of 
participants  classified  as  abnormal  on  the  global  severity  index  and  positive  symptom  total 
(p=0.005  and  p=0.019)  than  the  Comparisons  in  the  background  category.  These  Ranch 
Hands  also  had  a  marginally  higher  risk  of  obsessive-compulsive  behavior  and  somatization. 
In  contrast.  Ranch  Hands  in  the  unknown  cimrent  dioxin  category  had  a  significantly  lower 
prevalence  of  phobic  anxiety  than  the  Comparisons  in  the  background  category  (p=0.042). 

The  Ranch  Hands  in  the  low  current  dioxin  category  did  not  differ  from  the  Comparisons  for 
any  of  the  12  'SCL-90-R  variables. 

The  Ranch  Hands  in  the  unknown  current  dioxin  category  had  a  lower  risk  of  all  the 
SCL-90-R  symptoms  than  the  Comparisons  in  the  background  category.  However,  the 
Ranch  Hands  in  the  low  category  had  a  liighcr  risk  for  all  but  two  of  the  SCL-90-R  variables 
(interpersonal  sensitivity  and  psychoticism)  and  those  in  the  high  current  dioxin  category  had 
a  higher  risk  for  all  of  ±e  SCL-90-R  symptoms  (except  paranoid  ideation)  than  the 
Comparisons  in  the  background  category. 


In  the  adjusted  analyses  of  categorized  current  dioxin,  the  overall  contrasts  of  the  four 
current  dioxin  categories  were  marginally  significant  for  phobic  anxiety  and  the  positive 
symptom  distress  index.  Also,  in  the  adjusted  analysis  of  depression  and  the  global  severity 
index,  the  contrast  of  the  background  versus  high  category  was  marainally  significant  with  the 
Ranch  Hands  in  the  high  category  having  a  higher  risk  than  the  Comparisons  in  the 
background  category.  Similar  to  die  unadjusted  analysis,  the  Ranch  Hands  in  the  unknown 
current  dioxin  category  had  a  significantly  lower  prevalence  of  phobic  anxiety  than  the 
Comparisons  in  the  background  category  (Table  9-57;  p=0.033). 


The  adjusted  analyses  of  categorized  current  dioxin  with  the  SCL-90-R  variables  only 
detected  one  significant  interaction  between  categorized  current  dioxin  and  a  covariate  (listed 
in  Table  9-58).  The  interaction  was  with  race  in  the  analysis  of  somatization  and  was  caused 
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by  the  spanc  number  of  Blacks  with  abnormal  somatization  scores  in  the  analysis.  After 
deletion  of  this  interaction,  the  analysis  was  nonsignificant. 


Physical  Examination;  MCMI  Variables 

The  MCMI,  a  self-administered  test,  presented  scores  for  eight  baric  personality 
patterns,  three  pathological  personality  disorders,  and  nine  clinical  symptom  syndromes  to  be 
evaluated.  Participants  with  PTSD  based  on  the  1985  MMPI  were  excluded  from  the 
analyses. 


Model  1:  Ranch  Hands  -  Los2  (Initial  Dioxin) 

Unadjusted  analyses  found  tint  initial  dioxin  was  positively  associated  with  the  MCMI 
schizoid,  avoidant,  dependent,  passive-aggressive,  schizotypal,  anxiety,  psychotic  thinking, 
and  psychotic  depression  scores  under  both  the  minimal  and  the  maximal  assumptions  (Table 
9-55:  p<0.03  for  all  analyses).  For  the  histrionic  and  narcissistic  scores,  there  were  a 
significant  negative  associations  with  initial  dioxin  under  both  assumptions  (p<0.01  for  all 
analyses)  The  unadjusted  analyses  of  the  borderline,  somatoform,  and  dysthymia  cores 
detected  significant  positive  associations  with  initial  dioxin  for  the  maximal  cohon  (p<0.04  for 
all  analyses).  For  the  hypemania  score,  there  was  a  negative  association  with  initial  dioxin 
of  borderline  significance  under  the  minimal  assumption.  The  unadjusted  analysis  of  the 
psychotic  deiusion  score  found  a  marginally  significant  positive  association  with  initial  dioxin 
under  the  maximal  assumption.  For  the  remaining  five  MCMI  variables  (antisocial, 
compulsive,  paranoid,  alcohol  abuse,  and  drug  abuse  scores),  the  unadjusted  results  were 
nonsignificant  under  both  assumptions. 

The  adjusted  analyses  of  the  MCMI  variables  were  similar  to  the  unadjusted  analyses. 
Significant  positive  associations  with  initial  dioxin  were  displayed  for  the  schizoid,  avoidant 
(after  deletion  of  an  initial  dioxin-by-education  interaction),  dependent,  schizotypal,  and 
psychotic  thinking  scores  under  both  assumptions  (Table  9-55:  p<0.04  for  all  analyses).  Tne 
adjusted  analysis  of  the  MCMI  histrionic  score  detected  a  significant  negative  association 
svith  initial  dioxin  for  both  the  maximal  and  the  minimal  cohorts  (p<0.04  for  both  analyses). 

The  minimal  analysis  of  the  narcissistic  score  detected  a  marginally  significant  ncaative 
association  with  initial  dioxi.n  while  the  maximal  analysis  displayed  a  similar  significant 
association. 

After  the  deletion  of  an  initial  dioxin-by-racc  interaction,  the  minimal  analysis  detected 
a  marginally  significant  positive  relationship  between  initial  dioxin  and  the  anxie’ty  score  and 
a  marginally  significant  negative  association  between  initial  dioxin  and  the  hypomania  score. 
Under  the  maximal  assumption,  there  was  a  significant  positive  association  between  initial 
dioxin  and  the  somatoform  score  (Table  9-55:  p-0.01 1).  The  minimal  analysis  of  the 
psychotic  depression  score  exhibited  a  significant  positive  association  with  initial  dioxin 
(p=0.035),  and  there  was  a  similar  marginally  significant  association  under  the  maximal 
assumption. 

Table  9-58  lists  several  initial  dioxin-by-covariate  interactions  for  the  MCMI  variables. 
Stratified  analyses  of  the  interactions  between  initial  dioxin  and  education  indicated  a 
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strongin"  positive  relationship  for  Ranch  Hands  with  a  college  education  than  for  those  with  a 
high  school  education.  Also,  tlic  interactions  involving  current  alcohol  use  showed  a  stronger 
negative  association  with  initial  dioxin  for  Ranch  Hands  with  increased  current  alcohol  levels. 
In  the  stratified  analyses  of  the  initial  dioxin-by-racc  interactions  for  the  anxiety  and 
dysthymia  scores.  Blacks  had  a  negative  association  with  initial  dioxin  while  non-Blacks 
displayed  a  positive  association.  In  contrast,  the  stratified  analysis  of  the  initial  dioxin-by- 
mce  interaction  for  the  hypomania  score  exhibited  a  positive  association  with  initial  dioxin  for 
Blacks  and  a  negative  association  for  non-Bl-acks.  However,  the  results  of  the  stratified 
analyses  of  the  initial  dioxin-by-rcce  interactions  may  have  been  distorted  by  the  small 
number  of  Blacks  in  the  analyses. 

Model  2:  Ranch  Hands  -  Log2  (Current  Dioxin)  and  Time 

In  the  unadjusted  analysis  of  the  MCMI  variables,  the  avoidant  score  was  the  only 
variable  with  a  significant  cm  rent  dio.xin-by-rime  since  tour  interaction  under  the  minimal 
assumption  (Table  9-56:  p=0.028).  Marginally  significant  interactions  between  current 
dioxin  and  time  were  e.xhibited  for  the  schizoid,  histrionic,  and  psychotic  thinking  scores. 
There  were  no  significant  results  for  the  time  less  than  or  equal  to  18.6  years  .stratum  for  the 
.MCMI  variables  under  the  minimal  assumption.  However,  for  Ranch  Hands  with  erearer 
than  18.6  years  since  tour,  there  were  significant  positive  associations  with  current  dioxin  for 
the  schizoid,  avoidant,  dependent,  passive-aggressive,  schizotypal,  anxiety,  psychotic 
thinking,  psychotic  deprr  sion,  and  psychotic  delusion  scores  (p<0.05  for  each  an.a]ysis). 
Also,  tlie  analyses  of  the  histrionic  and  narcissistic  scores  detected  significant  negative 
associations  wth  current  dioxin  for  uhis  same  time  stratum  under  the  minim.aJ  assumption, 
and  a  similar  marginally  significant  negative  relationship  for  the  hjgximania  score. 

Under  the  maximal  assumption,  the  unadjusted  analyses  did  not  detect  any  significant 
current  dioxin-by-time  since  tour  interactions  for  the  MC.MI  variablc.s.  However,  the 
interaction  between  current  dioxin  and  time  since  tour  wa.s  marginally  significant  for  the 
schizoid,  avoidant,  histrionic,  and  psychotic  thinking  scores.  The  maxirrial  unadjusted 
analyses  of  the  passive-aggressive,  5chizot;/pal.  and  anxiety  scores  detected  sicmficant 
positive  associations  with  current  dioxin  for  both  time  strata.^  (Table  9-56:  pcO.OS  for  all 
analyses). 

Similar  to  the  minimal  unadjusted  analyses,  the  maximal  analyses  of  the  schizoid, 
avoidant,  dependent,  psychotic  thinking,  psychotic  depression,  and  psvchotic  delusion  scots 
exhibited  significant  positive  a.ssociations  with  current  dioxin  for  lUinch  Hands  with  greater 
than  18.6  years  since  tour.  Also,  the  sam.c  analyses  of  the  hismonic,  narcissistic,  and 
hypomania  scores  displayed  significant  negative  a,ssocia?ions  with  current  dioxin.'  Fu-  Ranch 
Hand,s  in  the  rime  less  than  or  equ.al  to  18,6  yean  srritum.  the  maximal  unadjusted  analysis 
detected  a  marginally  significant  positive  a.ssco:atJon  between  the  somatoform  score  and’ 
current  dioxin.  The  analysis  ot  the  borderline  and  dysthymia  scores  displayed  a  maremallv 
ugnific.ant  positive  as.sociation  with  current  dioxin  for  the  greater  than  18. *6  vears  .stratum.’ 

-Similar  to  the  minimuii  unadjusted  analyses,  the  minimal  adjusted  analvscs  of  the  MCMI 
var.ahles  detected  a  sugmfic.ant  current  dioxin-bv-t:me  since  tour  interac-mn  fo'r  o-dv'  the 
avoidant  score  under  -he  minimal  assumption  fTahle  d-56:  p--(),():9).  There  were  also 
rruirginally  signiticant  current  dioxin-by-timc  interactions  for  the  schizoid  and  psychotic 


thinking  scores.  As  in  the  unadjusted  analyses,  there  were  no  significant  results  for  the  time 
less  than  or  equal  to  13.6  years  stratum  under  the  minimal  assumption. 


For  Ranch  Hands  in  the  greater  than  18.6  years  since  tour  time  stratum  of  the  minimal 
cohort,  there  were  significant  positive  associations  widi  current  dioxin  for  the  schizoid, 
avoidant,  dependent,  schizoty-p.!!,  psychotic  tiiinking,  and  psychotic  depression  scores  (Table 
9-56:  p<0.035  for  each  analysis).  For  this  same  time  stratum,  there  was  a  significant 
negative  association  between  current  dioxin  and  the  histrion’C  score  (p=0.006)  and  a  similar 
marginally  significant  negative  relationship  between  current  dioxin  and  the  narcissistic  and 
hypomania  scores.  Also,  there  was  a  marginally  significant  positive  association  between 
current  dioxin  and  the  anxicry  score. 

Under  the  maximal  a.ssumption,  the  current  dioxin-by-time  since  tour  interaction  W'as 
significant  only  for  the  schizoid  score  (after  deletion  of  a  current  dioxin-by-time-by-lifetime 
alcohol  history  interaction)  and  the  avoidant  score  (Table  9-56:  p=0.044  and  p'-0.045). 

There  were  al.so  marginally  significant  current  dioxin-by-time  interactions  for  the  narcissistic 
and  psychotic  thinking  scores. 

The  adjusted  maximal  analysis  detected  a  signific.ant  positive  association  between 
current  dioxin  and  the  somaiofonii  score  for  Ranch  Hands  with  less  than  or  equal  to  18.6 
years  since  tour  (Table  9-56;  p-0.030).  Tnis  -vas  the  only  significant  result  found  for  tlic 
ma.ximal  adjusted  analyses  of  this  time  stratum. 

For  the  greater  than  18.6  years  time  stratum,  .several  of  the  maximal  adjusted  analyses 
were  significant.  A  significant  positive  association  was  detected  w-ith  current  dioxin  for  the 
following  MCMI  v.anablcs:  schizoid  score  (after  deletion  of  the  current  dioxi.i-by-timc-by- 
lifctime  alcohol  history  interaction),  avoidant  score,  dependent  score,  .schizotvp.irscore, 
psychotic  thinking  score,  and  psychotic  depression  'Xi-rc  (Table  9-56:  p<<).36  for  each 
analysis),  llicrc  were  also  significant  negative  assocititions  with  current  dioxin  for  the 
narcissistic  and  hyporn.ima  x'orcs.  Tlic  positive  a.ss(Ki;iti<'ns  between  current  dioxin  and  the 
dysrhymia  score  and  txif.vecn  current  dioxin  and  the  psychotic  dciusion  score  were  mar;,-;inaily 
significant. 

Only  two  current  dioxin-by-timc-hy-cov;vri.uc  ir!’cr;icnons  were  detected  in  the 
m,axirnal  adjusted  analysis  (Table  9-531. 


Model  3;  Ronch  Hands  and  Compnri'ions  by  Current  Dioxin  Cu/egury 

In  the  unadjusted  analysis  of  the  four  current  dioxin  categories.  .S  out  of  20  of  the  MC'MI 
variables  displiycd  .i  sigruticant  overall  contrast  of  the  tour  caiegorics:  sc.hi.toid,  .ivoidant, 
dependent,  htstnomc,  narcissistic,  schi.-otvpa!.  anxietv.  an-d  psychotic  thinking  scores  (Talve 
9-jl .  p-.0.()t  tcir  ail  .anaiv-es).  Tiae  ttn.idjustrd  analy'ies  .also  exhibited  margtnallv  sienifica.nt 
overall  simultaneous  contrasts  of  the  four  current  dioxin  categoncs  for  the  aniiwvi.d, 
passive. aggressive,  psyclu-tic  depression,  and  psychotic  dciusion  scores. 


1  .le  unadjusted  .ir'ai'j  'ves  tound  that  Ibinc.h  M.ind,  ui  'i-.e  unknown  ctirrent  diox-n 
category  h;>d  s.gnificantly  lower  mean  dependent,  borderline,  and  anxietv  sc;-res  than  the 


0 


Compaiisons  in  tfic  background  category  (Table  9-57:  p<0.04  for  all  analyses).  These  Ranch 
Hands  also  had  marginally  lower  average  dysihymia,  psychotic  thinking,  and  psychotic 
depression  scores  than  the  Comparisons.  In  contrast,  the  unadjusted  analyses  showed  the 
Ranch  Hands  in  the  unknown  category  had  a  significantly  higher  mean  narcissistic  score  than 
the  Comparisons  in  the  background  category  (p=0.048). 

Very  few  differences  were  found  between  the  mean  MCMI  scores  of  the  Ranch  Hands 
in  the  low  current  dioxin  category  and  the  Comparisons  in  the  background  category  in  the 
unadjusted  analyses.  These  Ranch  Hands  did  have  a  significantly  higher  mean  antisocial 
score  than  the  Comparisons  (Table  9-57:  p=0.016)  and  a  marginally  higher  mean  psychotic 
delusion  score.  The  contrast  of  the  mean  dependent  score  of  the  Ranch  Hands  in  the  low 
category  versus  the  mean  score  of  the  Comparisons  in  the  background  catcgoiy  was  of 
borderline  significance  with  the  Ranch  Hands  having  a  lower  m.ean  dependent  score  than  the 
Comparisons. 

Tne  unadjusted  analyses  detected  significantly  higher  mean  schizoid,  avoidant, 
schizor/pal,  psychotic  thinking,  and  psychotic  delusion  scores  for  the  Ranch  Hands  in  the  high 
current  dioxin  category  than  the  Comparisons  in  the  background  category  (Table  9-57; 
p<0.04  for  all  analyses).  Tnese  Ranch  Hands  also  had  a  significantly  lower  mean  histrionic 
score  (p=0.003)  and  a  m.arginally  lower  hypomania  score  than  the  Comparisons  in  the 
background  category. 

Only  7  of  the  20  MCMI  variables  had  significant  or  marginally  significant  results  after 
adjusting  for  covariate  information.  Hic  overall  contrast  of  the  four  current  dioxin  categories 
was  significant  for  only  the  schizoid  score  (Table  9-57:  p=0.027).  Marginally  significant 
overall  differences  among  the  four  current  dioxin  categories  were  also  found  for  the 
narcissistic,  antisocial  (after  deletion  of  a  categorized  current  dioxin-by-current  alcohol  use 
interaction),  and  schizot;/pal  scores. 


In  the  adjusted  analysis,  the  conn-st  of  the  Ranch  Hands  in  the  unknown  category'  and 
the  Comparisons  in  the  background  category  was  of  borderline  significance  for  the  narcissistic 
score  and  the  paranoid  score  with  Ranch  Hands  having  higher  m.ean  scores  than  the 
Comparisons.  Tne  adjusted  analyses  al.so  found  Ranch  Hands  in  the  low  current  dioxin 
category  had  a  signific.intly  lower  mean  dependent  score  than  Comparisons  in  the  background 
category  (Table  9-57:  p-~<^),037).  In  addition,  after  the  deletion  of  a  categorized  current 
dioxin-by-cuiTciu  a’cohol  use  interaction,  the  adjusted  analysis  found  that  the  Ranch  Hands 
in  the  low  category  had  a  significantly  higher  mean  antisocial  score  than  the  Comparisons 
(p=-0,QI2).  Tne  adjusted  analyses  also  showed  that  Ranch  Hands  in  the  high  current  dioxin 
category  had  significantly  hiigher  mean  schizoid  and  schizotypal  scores  (p=^).(X)6  and 
p==0.029)  and  a  significantly  lower  histnonic  score  (p=0.020)  than  the  Comparisons  in  the 
background  categor;/. 


The  adjusted  analyses  of  the  .MC.MI  variables  detected  several  categorized  curr^-nt 
dio,xin-by-covariatc  ir.tc.'tictions  fiisted  in  Table  9-58).  After  deletion  of  these  interactions, 
the  adjusted  anaiy-'es  w-erc  nonsi  tmficant  except  as  stated  ahxivc  for  the  antisocial  score. 
Tne  stratified  analyse?  of  'hesc  interactions  did  .not  detect  any  ovcrlving  dioxin  effects  or 
patterns  for  the  irdividu.il  strata. 


CONCLUSION 

In  general,  the  results  of  the  analyses  of  the  verified  psychological  disorders,  reponed 
sleep  disorders,  and  the  SCL-90-R  variables  did  not  reveal  significant  associations  with 
initial  dioxin  or  current  dioxin  and  time  since  tour  or  find  significant  differences  among  the  four 
current  dioxin  categories.  In  contrast,  several  of  the  analyses  of  the  MCMI  variables 
displayed  significant  results.  However,  there  was  a  lack  of  consistency  across  similar 
variables  included  in  the  SCL-90-R,  MCMI,  and  reponed  information.  Additionally,  the 
continuous  scale  of  the  MCMI  variables  allowed  for  a  greater  ability  to  detect  small 
differences  in  the  mean  MCMI  scores  than  the  capability  of  the  discrete  analyses  of  the  other 
three  psychological  abnormalities.  In  conclusion,  the  body  burden  of  dioxin  does  not  appear  to 
be  related  to  psychological  or  psychophysiological  disorders. 
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